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PREFACE 


Wc  a  nation  have  not  ignored  the  problem  of  survival  from  nuclear 
attack,  Wo  oi  the  waterworks  Industry,  as  a  vital  utility  upon  which  depends 
the  nation's  life  and  health,  must  also  not  ignore  that  problem,  Survival 
following  a  nuclear  attack  has  been  studied,  and  is  being  studied,  by  many 
experts,  Some  studies  have  Indicated  that  initial  casualties  in  the  tons  of 
millions  could  occur  from  an  attack  on  the  Unltod  States,  But  those  studies 
also  show  that  as  many  as  SO  million  persons  could  be  killed  by  nuclear 
radiation  from  fallout  after  having  survived  the  initial  blast  and  fire! 

There  will  be  survivors  after  such  an  attack,  but  the  number  who  survive 
and  the  length  of  time  they  would  survive  would  depend  upon  preparations 
made  before  the  attack,  This,  alone,  is  ample  reason  for  us  to  plan  and 
provide  for  civil  defense. 

Preparedness  consists  of  determining  Lhat  a  problem  exists;  analysing 
the  problem  to  determine  the  relative  risks  of  specific  actions;  and  then 
developing  plans,  hardening  facilities,  acquiring  or  stockpiling  resources 
of  supplies  and  tools,  and  training  people  in  survival  knowledges  and 
skills,  Civil  Defense  consists  of  maintaining  a  state-of-readiness.  Procedures 
and  actions  must  be  provided  in  advance  of  the  possible  need  for  their  use, 
Obviously,  there  is  no  t  "ne  to  effectively  do  these  things  after  the  bomb 
falls. 
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CHAPTER  I 


PURPOSE  AND  SCOPE  OF  MANUAL 


Thia  manual  haa  baan  praparad  with  tha  following  principal  objactivaai 

1.  To  famillarlaa  watar  utility  and  civil  dafanaa  paraonnal  with 
mathoda  for  aurvival  and  racovary  in  tha  avant  of  a  nuclaar  war. 

2.  To  atimulata  and  aaalat  watar  utilitiaa  in  davaloplng  amargancy 
plana  to  copa  with  a  nuclaar  dlaaatar. 

3.  To  provlda  a  procadural  gulda  for  raatoration  and  for  training 
paraonnal  in  poatattack  amargancy  rapair  procaduraa,  racovary 
tachniquaa,  and  aafaty  maaauraa, 

Tha  manual  contant  la  baaad  upon  availabla  information  and  aalactad 
aaaumptlona  about  tha  probabla  poatattack  condition  of  watar  utility 
ayatama  and  practical  countarmaaauraa  which  can  ba  mada  availabla.  Much  of 
tha  amphaaia  ia  on  radiological  dafanaa  bacauaa  watarworka  paraonnal,  in 
ganaral,  hava  aoma  know lad ga  of  how  to  copa  with  tha  other  affacta  of 
nuclaar  warfara.  Howavar,  tha  magnituda  of  thaaa  othar  affacta,  blaat,  flra, 
ate.  raaulting  from  a  nuclaar  exploaion,  will  ba  much  graatar  than  avar 
axpariancad  haratofora,  conaaquantly,  appropriate  information  ia  praaantad 
on  phyalcal  protection  of  tha  water  aupply  ayatam. 

Tha  following  chaptara  of  thia  manual  offer  a  gulda  to  tha  development 
of  civil  dafanaa  plana  for  watarworka  of  any  alia,  type  and  location.  Each 
of  tha  auggaatad  idaaa  ahould  ba  conaidered  carefully,  although  aoma  aug- 
goatlona  may  not  bo  applicable  to  particular  altuatlona.  Sometimea,  detailed 
technical  information  muat  bo  obtained  elaawhara.  Zn  auch  caaaa  tha  llat 
of  raforancaa  provided  at  the  and  of  each  chapter  in  thia  manual  will  prove 
of  value.  Alao,  it  ia  recommended  that  technical  help  ba  aought  from  local, 
atata,  and  federal  civil  dafanaa,  public  health,  and  othar  agenclea. 

Tha  format  of  thia  manual  haa  bean  praparad  ao  that  avanta  and  thair 
corrective  maaauraa  are  praaantad  in  chronological  order.  Chaptara  II 
through  VZZ  takaa  tha  reader  from  "Nuclear  Weapon  Ef facta",  "Vulnerability 
Aaaeaament",  "Protective  Maaauraa",  "Poatattack  Aaaaaamant  of  Plant  Oper¬ 
ation",  and  "Recovery  of  Plant  Oparationa"  through  "Emergency  Sourcaa  and 
8upply  Procadurai".  Chapter  VIZI, "Dlaaatar  Plan",  provldaa  guide  llnaa 
which  watar  utilitiaa  can  uaa  to  incorporate  tha  information  praaantad  in 
preceding  chaptara  into  an  affective  plan  of  operation.  A  dlaaatar  plan 
chock  llat  ia  alao  included. 
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Before  reading  Chapter  II,  "Nuclear, Weapon  Effect*",  it  would  be  well 
to  read  Appendix  A,  the  "Fact*  on  Radiation  and  F*''nt-  ",  unleaa  previous 
■tudy  of  nuclear  radiation  ha*  bean  more  than  casual,  There  are  many  common 
misconceptions  about  radiation,  especially  radiation  from  fallout.  It  la 
important  to  understand  the  facts  before  reading  further. 

Appendix  B  is  a  glossary  of  civil  defense  and  nuclear  weapon  termin¬ 
ology.  The  reader  is  urged  to  consult  it  freely, 

Chapter  II,  which  describes  the  effects  of  nuclear  weapons,  begins  our 
study  of  radioactivity  and  civil  defense,  Information  is  presented  in  this 
chapter  which  will  assist  in  understanding  the  over-all  problems  resulting 
from  nuclear  warfare,  The  gross  effects  of  assumed  nuclear  detonations  - 
blast,  thermal  radiation  and  nuclear  radiation  -  may  be  predicted  with 
reasonable  certainty,  It  should  be  kept  in  mind  that  the  amount  of  physical 
damage  to  a  given  community  would  depend  upon  a  number  of  factors  including 
its  closeness  to  the  target  site,  the  sise  of  the  weapon  delivered,  and 
whether  the  bomb  was  exploded  on  the  ground,  water  or  high  in  the  air,  All 
cities  and  towns  would  not  be  directly  at  or  under  the  explosion,  Most 
cities  and  towns  could  be  heavily  affected  by  fallout,  without  being  affected 
by  blast  and  thermal  radiation,  from  a  serins  of  bombs  exploded  on  high- 
priority  targets.  Radiological  defense  therefore,  requires  special  con¬ 
sideration  by  all  water  works  wherever  their  location. 

Chapter  III  will  guide  water  utility  operators  and  management  in  assess¬ 
ing  the  vulnerability  of  their  own  system  and  personnel  to  a  nuclear  attack. 
It  1s  pointed  out  that  vulnerability  encompasses  much  more  than  structural 
considerations,  Criteria  are  presented  concerning  the  degree  of  vulnerability 
to  blast,  thermal  and  ionising  radiation  effects  and  information  is  given 
on  how  to  compute  probable  effects,  Procedures  for  safely  leaving  shelters 
under  radioactive  conditions  are  given,  The  chapter  concludes  with  a  de¬ 
tailed  example  of  an  ideal  assessment  on  a  water  utility  illustrating 
possible  system  weaknesses  and  the  companion  corrective  measures.  The 
vulnerability  assessment  information  is  used  to  provide  protective  measures 
which  will  expedite  recovery  after  an  attack, 

Chapter  XV  presents  principles  on  protective  measures  that  can  be  taken 
to  protect  personnel  and  facilities  from  nuclear  explosions.  Blast  and 
thermal  protection  is  discussed,  but  radiological  protection  from  fallout 
is  emphasised  and  the  provision  and  use  of  shelters  is  stressed.  Design 
criteria  for  fallout  shelters  and  their  operation  la  discussed,  Specific 
measures  for  control  of  contamination  and  for  decontamination  are  reviewed. 
The  provision  of  these  protective  measures  will  enable  the  utility  to  more 
affectively  initiate  their  operations  after  an  attack. 

Chapter  V  describes  the  conditions  and  necessary  actions  to  bo  taken 
following  a  nuclear  attack.  Postattack  damags  reconnaissance  and  assess¬ 
ment  procedures  for  water  utility  personnel  are  given  so  that  functional 
plana,  leading  to  restoration  of  operation,  can  be  made  and  carried  out  in 
as  rapid  and  safe  a  manner  as  possible,  The  need  for  adequate  communications 


la  stressed.  An  assessment  ami  evaluation  will  have  to  he  made  of  tho  sur¬ 
viving  facilities,  equipment,  peraonnel  and  community,  Of  apacial  importanca 
in  a  waterworks  la  the  condition  of  the  wutcr  aupply,  and  proceduraa  for 
detecting  and  assessing  radioactivity  in  the  water  aupply  are  given,  Tho 
effecta  of  fallout  on  reatoratlon  are  dlacuaaed,  The  urgency  or  priority 
of  certain  actiona  aa  related  to  the  need  and  hacarda  involved  muat  be 
evaluated,  The  reaulta  of  the  aaaeaament  are  uaed  to  determine  the  poet- 
attack  water  needa;  the  facllitiea,  equipment  and  peraonnel  that  can  be 
uaed  and  the  moat  affective  methoda  and  proceduraa  to  expedite  operation 
of  tho  water  ayatem, 

Chapter  VI  preaenta  methoda  and  proceduraa  for  emergency  repair,  re- 
atoration  and  operation  during  the  poatattack  recovery  period,  Initial 
emphaala  la  on  organisation,  command  and  aucceaalon  within  the  water  utility; 
uae  of  operation  control  cantors;  and  coordination  and  lialaon  with  civil 
defence  authoritlea  and  other  vital  utllltlea,  Fire  control  and  debria 
removal  aa  they  relate  to  water  utility  atructuree  are  ‘eviewed;  radio* 
logical  decontamination  procedurea  aro  thoroughly  covered;  ayatem  repair 
conalderationa  are  dlacuaaed;  quality  atandarda  and  control  during  tho  re¬ 
covery  period  are  reviewed;  and  finally  power  conalderationa  are  covered, 

All  of  theae  actlvitiea  are  directed  towarda  the  aupplying  of  emergency 
water  to  aurvivora. 

Chapter  VII  doali  with  aourcea  oT  water  that  are  or  can  be  made  avail¬ 
able  during  emergencies  for  various  uses  and  needs  and  the  procodurea  In¬ 
volved  in  aupplying  this  water.  Potential  sources,  many  of  whloh  are  over¬ 
looked,  are  reviewed  and  suggestions  are  made  for  Inventorying  these  as  to 
location  and  to  their  quantity,  quality,  and  other  consideration.  This  in¬ 
formation  can  bo  used  to  make  a  rapid  postattack  appraisal  of  the  water 
supply  situation,  Emergency  water  treatment  methods,  delivery  systems, 
points  of  distribution  and  rationing  are  discussed, 

Chapter  VIII  incorporates  the  information  already  presented  in  this 
manual  Into  a  proposed  comprehensive  disaster  plan  for  survival  and  recovery 
following  a  nuclear  attack.  It  enables  each  water  utility  to  prepare  a 
functional  plan  for  their  particular  organisation  and  circumstance,  This 
chapter  not  only  provides  the  means  of  preparing  a  plan  but  also  attempts 
to  stimulate  self  evaluation  with  the  ultimate  development  of  a  plan  fol¬ 
lowed  by  action,  in  the  form  of  hardening  of  facilities  and  the  initiation 
of  training  programs  and  drills  to  maks  the  plan  functional.  The  accompany¬ 
ing  disaster  plan  check  list  will  facilitate  the  development  of  procedures 
leading  to  an  effective  survival  and  recovery  plan, 
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CHAPTER  II 


NUCLEAR  WEAPON  EFFECTS 


INTRODUCTION 

Whilt  the  nature  of  nuclaar  oxploaiona  la  a  raiatlvaly  complax  oubjact, 
Cha  groaa  affacta  of  an  aaaumad  nuclaar  waapon  datonation  may  ba  pradictad 
with  raaaonabla  cartalnty,  It  la  tha  purpoaa  of  thla  chapter  to  praaent 
Information  that  will  ba  halpful  In  undaratanding  over-all  problama  aa- 
aoclatad  with  a  nuclaar  waapon  attack  and  than  in  aubaaquant  chaptara  ralata 
them  to  water  utility  facllltl#>a  and  peraonnel,  and  thalr  functlona, 

CHARACTERISTICS  OF  NUCLEAR  EXPLOSIONS 

General  Prooertlaa 

Nuclaar  waapona  are  almllar  to  thoaa  of  more  conventional  typaa  in  ao 
far  aa  thalr  daatructlva  action  la  duo  mainly  to  blaat  or  ahock.  On  the 
oviivr  n«nu j  cnin  at#  iivint  da8 ic  ait nrincis •  rific 0  nuc IttT  f xp loi tons 
can  ba  many  thouaanda  (or  milliona)  of  tlmaa  more  powerful  than  tha  largoat 
conventional  dotonatlona,  Second,  much  of  the  energy  in  a  nuclear  oxploolon 
la  In  the  form  of  light  and  heat,  generally  referred  to  aa  "thermal  radiat¬ 
ion",  Third,  the  nuclaar  oxploaion  la  accompanied  by  highly  penetrating 
and  harmful  lnvlaible  raya,  called  "initial  nuclear  radiation".  Finally, 
radioactive  dabria  remaining  after  a  nuclear  oxploaion  emit  almllar  radlat- 
iona  over  an  axtondod  period  of  time,  Thla  la  known  aa  "raaidual  nuclaar 
radiation"  (Figure  1). 


•LAST  AND  SHOCK 


THIRMAL  RADIATION 


INITIAL 
NUCLCAR  RADIATION 


RISIDUAL 
NUCLCAR  RADIATION 


Flgurt  EFFECTS  OF  A  NUCLEAR  EXPLOSION 
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Energy  Yield  of  Nuclear  Explosions 


A  nuclear  weapon  la  usually  described  in  terms  of  the  total  energy  it 
can  release  in  comparison  to  the  number  of  tons  of  TNT  required  to  release 
the  same  amount  of  onargy  when  exploded.  Thus,  the  detonation  of  a  1- 
megaton  nuclear  bomb  releases  the  same  amount  of  energy  as  the  explosion 
of  approximately  1  million  tons  of  TNT.  The  earliest  nuclear  bomb,  such  as 
drooped  over  Japan  in  1945,  released  roughly  the  same  quantity  of  onargy  aa 
20,000  tons  of  TNT.  Since  that  time,  much  more  powerful  weapons,  with 
energy  yields  in  the  megaton  range,  have  been  developed. 

The  distribution  of  energy  in  nuclear  explosions  depends  on  the  nature 
of  the  weapon  and  particularly  on  the  environment  of  the  explosion.  Figure 
2  shows  the  approximate  distribution  of  energy  that  would  occur  for  a 
detonation  in  the  atmosphere. 


Flgur*  2.— DISTRIBUTION  OF  ENERGY  IN  A  TYPICAL 
AIR  BURST  OF  A  WEAPON  AT  AN  ALTITUDE  BELOW 
100,000  FEET 


Types  of  Nuclear  Explosions 

The  immediate  phenomena  associated  with  a  nuclear  explosion,  as  well 
as  the  affects  of  shock  and  blast,  and  thermal  and  nuclear  radiations,  vary 
with  the  location  of  the  point  of  burst  in  relation  to  the  surface  of  the 
earth.  Figure  3  illustrates  and  describes  the  three  principal  types  of  burst. 


Air  bunt 


An  air  buret  1«  defined  aa  ona  in  which 
the  bomb  la  exploded  in  the  air  eo  high 
above  land  or  water  that  the  fireball 
(at  maximum  brilliance)  does  not  touch 
the  eurfaee,  Great  blaet  and  heat  haaarda 
are  produced.  The  heat  wave  raaultlng 
from  the  axploalon  of  a  one -megaton 
nuclear  weapon  can  cauae  moderately 
•evere  burn*  of  expoiad  akin  aa  far  aa 
12  mllea  from  the  point  of  detonation. 

The  warmth  may  be  felt  at  a  diatanea  of 
75  mllea.  Practically  no  early  or  eloae- 
ln  fallout1 la  produced. 


gurfaca  buret 

WWT  T  WWW  WWT  w" 


In  a  eurfaee  buret,  the  bell  of  fire  touehae 
the  ground,  Beeeuee  of  lte  lntenee  heat, 
large  amounte  of  rock,  aoll,  and  other 
matarlale  will  be  veporlaed  end  will  vlae 
up  into  the  cloud,  An  important  difference 
between  a  eurfaee  buret  and  an  air  buret 
le  that  in  the  eurfaee  buret  the  atomic 
cloud  la  muoh  more  heavily  loaded  with 
thli  veporlaed  material i  therefore,  a  aur- 
faoe  buret  eaueee  much  more  early  radio¬ 
active  fallout  then  an  air  buret. 


rfooe  buret 


Flgurt  3 — TYPES  OF  BURSTS 


A  eubaurfaee  buret  la  one  In  which  the 
canter  of  a  nuclear  axploalon  oeeure  under 
the  ground  or  under  water,  Underground  or 
underwater  ehoek  la  produced,  end  according 
to  the  depth  at  which  the  axploalon  oeeure, 
eome  of  the  ehoek  will  eecepe  to  produce 
air  bleat,  Much  of  the  heat  wave  and 
Immediate  nuclear  radiation  le  abeorbed 
within  a  ahort  diatanea  by  the  ground  or 
wbier.  However,  large  amounte  of  earth 
or  water  near  the  axploalon  will  be  con¬ 
taminated  with  radioactive  matarlale. 


1.  Early  fallout  conalete  of  the  radioactive  contaminated  particlaa 
which  return  to  the  earth  within  24  houre  after  a  nuclear  exploeion. 


In  the  event  of  a  nuclear  attack  It  la  probable  that  the  type  of  nu¬ 
clear  detonation  moat  likely  to  be  experienced  will  be  a  relatively  low 
altitude  air  burat  and/or  aurfaco  burat.  For  amplification  of  dlacuaalon 
to  follow  in  thla  chapter  only  the  effecta  of  theae  two  typea  of  burat  are 
considered. 

Chronological  Development  Of  A  Nuclear  Explosion 

The  chronological  development  of  a  nuclear  explosion  on  surface  burst 
appears  in  Figure  4, 

THERMAL  RADIATION 


General  Properties 

The  fireball  sends  out  thermal  radiation  in  two  pulses ,  making  up  ap¬ 
proximately  33  percent  of  the  bomb's  total  energy.  The  first  pulse,  a 
split-second  ultraviolet  flash,  is  not  a  major  hasard.  The  second  pulse, 
mostly  infrared,  lasts  several  seconds  and  carries  nearly  all  the  heat  of 
the  burst  which  radiates  outward  in  essentially  straight  lines  at  the  speed 
of  light.  As  the  heat  radiates  from  the  fireball,  it  spreads  over  even 
greater  areas,  so  thermal  radiation  levels  diminish  sharply  with  distance 
(Figure  3). 

Intend  laryllTects 

Becauee  thermal  radiation  is  applied  only  for  a  matter  of  seconds, 
light,  easily  kindled  materials  are  most  likely  to  ignite,  Surveys  show  that 
typical  American  cities  contain  3  to  23  points  per  acre  where  fires  might 
begin  from  thermal  radiation,  More  important,  this  readily  ignited  material 
can  lead  to  the  ignition  of  less  combustible  materials  and  result  in  a  con¬ 
flagration  producing  widespread  damage, 

IMi  9n  ?inon™i 

Thermal  radiation  can  cause  burn  Injuries  either  directly,  l.s,,  by 
absorption  of  the  radiant  energy  by  the  skin,  or  indirectly,  as  a  result  of 
fires  started  by  the  radiation,  The  direct  burns  are  often  called  "flash 
burns",  since  they  are  produced  by  the  flash  of  thermal  radiation  from  the 
fireball,  The  indirect  (or  secondary)  burns  are  referred  to  as  "flame 
but  ns" t  they  are  Identical  with  skin  burns  that  would  accompany  (or  be 
caused  by)  any  large  fire  no  matter  what  its  origin, 

Aa  a  rule,  all  persons  exposed  to  thermal  radiation  from  a  nuclear  ex¬ 
plosion  within  a  range  in  which  the  energy  received  is  sufficient  to  cause 
second-degree  flash  burns  (at  least)  will  be  potential  casualties,  Figure  3 
Illustrates  the  relationship  of  weapon  yield,  rate  of  delivery  of  thermal 
energy,  and  distance,  with  expected  degree  of  burns  for  exposed  personnel, 

Any  solid  opaque  material,  e.g,,  a  wall,  a  hill,  or  a  tree,  between  a 
given  object  and  the  fireball  will  act  as  a  shield  and  provide  some  protection. 
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INITIAL  NUCLEAR  RADIATION 


General  Properties 

With  the  explosion  there  la  tho  release  of  a  burat  of  "initial  radiat¬ 
ion"  (dafinad  aa  tha  radiation  amittad  within  tha  firat  minute  following 
datonation)  •  about  3  parcant  of  tha  bomb's  total  enargy  -  that  ia  lathal 
ovar  an  araa  roughly  tha  else  of  tha  fireball,  High  anargy  nautrone  and 
gamma  raya  ropraaant  the  moat  aignlficant  componanta  of  thla  radiation, 

Effacta  on  Paraonnal 


Thu  Initial  radiation  effact  ia  genarally  ovarahadowad  by  thoaa  affacta 
from  blaat  and  ahock  which  may  cauaa  almoat  total  daatructlon  within  a 
radlua  conaldarably  largar  than  that  which  la  aarloualy  affactad  by  the 
initial  nuclaar  radiation. 

BLAST  AND  SHOCK 


flisis&l  flamUu 

The  blaat  or  ahock  wava,  which  followa  directly  after  the  thermal  flash, 

rapraaanta  about  50  percent  of  tha  weapon  energy,  The  blaat  wava  atarta  aa - 

a  high  praaaura  ahock  front,  traveling  aomewhat  faster  than  the  speed  of 
sound.  After  a  few  seconds,  a  negative  pressure  phase  followa.  The  effact 
la  to  first  aqueeae  and  than  expand  or  explode  structures  and  human  tiaauaa. 
Along  with  thla  action  there  will  be  short  wind  guata  of  high  velocities. 

Near  ground  aero,  pressures  and  winds  are  higher  in  a  surface  burat  than  an 
air  burat,  Farther  out,  an  air  burat  craates  stronger  pressures  and  winda 
becauaa  the  blaat  wava  bounces  off  the  earth  and  relnforcaa  tha  primary 
wave  to  form  the  so-called  "Mach  front". 

Material  Damage  Effects 

Much  of  the  material  damage  caused  by  a  nuclear  explosion  is  due, 
directly  or  indirectly,  to  the  blaat  wave  which  accompanies  tha  explosion. 

The  majority  of  conventional  atructuraa  will  suffer  some  damage  whan  tha 
overpressure  in  the  blast  wave,  i,e,,  the  excess  over  atmospheric  pressure, 
is  about  one-half  pound  per  square  inch  or  more,  Figure  6  indioates  ex¬ 
pected  overpressure  and  probable  damage  effects  at  varying  distance  tones 
from  tho  canter  of  a  burst  (ground  aero).  In  areas  of  heavy  blast  damage, 
fires  will  be  started  by  broken  gas  mains  and  slectrleal  short  circuits, 
and  will  feed  on  the  kindling  produced  by  the  blast, 

Another  Important  consequence  of  the  blast  wave  is  the  formation  of 
many  flying  missiles  consisting  of  bricks  (and  other  masonry),  glass, 
pieces  of  wood  and  metal,  etc.  These  cause  considerable  amounts  of  secondary 
damage  to  structures  and  utilities,  and  numerous  casualties  even  in  lightly 
damaged  areas,  In  addition,  large  quantities  of  debris  result  in  blookage 
of  streets,  thus  making  rescue,  firs  fighting  and  utility  repair  operations 
extremely  difficult. 
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Best  Available  Copy 


Effecta  on  Peraonnal 


For  eaaa  of  underatandlng,  the  effect*  of  bleat  on  peraonnal  are  re¬ 
ferred  to  aa  either  direct  or  indirect.  Among  the  direct  effecta  are  thoae 
due  to  overpreaaure,  auch  aa  damage  to  the  eardruma  and  the  lunge,  Theae 
occur  at  cloae-ln  diatancea  (Figure  6), 


An  indirect  type  of  injury  can  arlae  from  diaplacement  of  the  body  aa 
a  whole  by  dynamic  (or  wind)  praaaura  and  lta  reaulting  impact  with  a  hard 
aurface.  Thla  can  ba  experienced  at  diatancea  where  the  overpreaaure  la 
relatively  low,  becauae  the  maximum  wind  velocitlea  in  the  open  can  atlll 
ba  quite  high,  Becauae  of  the  relatively  alow  apeed  of  the  blaat  wave  (aa 
compared  to  thermal  radiation),  there  ia  often  time  to  take  evaaive  action 
auch  aa  dropping  flat  or  Booking  ahelter  below  ground, 


Injury  to  individual*  both  inaide  and  outalde  a  atructur*  may  occur  be- 
cauee  of  the  blaat  damage  to  that  atructure.  Peraona  in  the  interior  of 
the  building  can  be  Injured  and  trapped  by  collapao  and  fire,  and  thoae  out¬ 
alde  can  be  hurt  by  flying  debrla,  Theae  injurlaa  could  be  quite  numeroua 
over  the  area  in  which  the  overpreaaure  ia  about  2  pounda  par  equare  inch 
or  more,  For  theae  and  other  reaaone,  an  important  aapect  of  protection  la 
an  underatandlng  of  the  relative  ability  of  different  atructuroa  to  with- 
atand  damage  from  air  blaat. 


SUMMARY  OF  ! 


a 


Over-all  Effecta 


Whan  a  nuclear  weapon  of  known  yield  la  detonated  on  the  aurface  or  at 
a  particular  height  in  the  air,  the  range*  of  the  immediate  effecta  are 
fairly  wall  defined.  For  example,  there  will  be  an  area  aurrounding  ground 
aero  within  which  the  deatructlon  due  to  blaat  and  ahock,  and  accompanying 
flraa,  will  bo  ao  great  that  the  aurvival  of  lnhabltanta  in  conventional 
atructuroa  ia  improbable.  At  conalderably  greater  diatancea  the  immediate 
effecta  will  bo  weaker  and  damage  to  atructuroa  will  be  minor,  a.g.,  broken 
windowa  and  damage  to  window  framoa  and  doora.  The  radiation  from  fallout 
may  be  aignlficant  in  thia  region,  but  thla  la  a  delayed  effect  which  will 
be  conaidorad  later,  Between  the  aone  of  total  deatruction  and  the  area  at 
which  damage  la  not  aignlficant,  there  la  a  region  in  which  protective 
meaaurea  can  determine  whether  lnhabltanta  aurvive,  with  little  or  no  in¬ 
jury,  or  whether  they  become  aerloua  caaualtlea, 


Initial  Effecta  And  Water  Supply  Syatama 

An  evaluation  of  the  Initial  effecta  of  a  nuclear  exploaion  -  thermal 
radiation,  initial  nuclear  radiation  and  blaat  -  aa  related  to  water 
utllltlea  and  peraonnel  lead  to  certain  pertinent  concluelonai 

(1)  Nuclear  weapona  are  potent  deatructiva  aganta, 
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(2)  It  la  not  feasible,  If  not  Impossible,  to  design  and  provlda 
total  protection  for  a  water  aupply  system, 

(3)  Depending  upon  their  distance  from  ground  aero,  peraonnel  have 
little  time  to  take  covert 

(4)  Individual  aurvival  la  the  principal  objective  at  time  of  the 
weapon  detonation  and  Immediately  thereafter 

RESIDUAL  NUCLEAR  RADIATION 

Central  Properties 


The  delayed  effect!  of  a  nuclear  explosion  are  aiaociated  with  the 
radioactivity  present  in  the  fallout.  Residual  radiation  (defined  as  that 
which  is  emitted  later  than  1  minute  from  the  Instant  of  explosion) ,  while 
representing  only  about  10  percent  of  the  total  weapon  energy,  is  neverthe¬ 
less  a  highly  Important  consideration.  Being  distributed  over  an  area  much 
larger  than  that  in  which  blast,  heat  and  initial  radiation  are  significant, 
it  is  possible  for  people  to  become  casualties  at  such  distances  from  the 
explosion  that  the  Immediate  effects  are  negligible  or  completely  absent. 

Figure  7  illustrates  the  general  development  and  pattern  of  nuclear 
radiation  early  fallout.  It  is  convenient  to  consider  the  fallout  in  two 
parts,  namely,  early  (local)  and  delayed  (world-wide).  Early  fallout  is 
defined  as  that  which  reaches  the  ground  during  the  first  24  hours  follow¬ 
ing  a  nuclear  explosion,  It  is  capable  of  producing  radioactive  contamina¬ 
tion  ovar  large  areas  with  an  Intensity  great  enough  to  represent  an  im¬ 
mediate  health  hasard,  Delayed  fallout  consists  of  vary  fine  particles 
which  cattle  in  low  concentrations  over  a  considerable  portion  of  the  earth's 
surface.  Because  of  the  reduced  intensity  of  radiation  as  a  result  of 
radioactive  dacay  during  the  relatively  long  time  the  fallout  remains  sus¬ 
pended  in  the  atmosphere,  the  delayed  fallout  generally  poses  no  immediate 
danger  to  health,  although  there  may  be  a  long  term  hasard  especially 
through  ingastlon  of  contaminated  food  and  water, 

Compared  to  an  air  burst,  a  surface  burst  will  contribute  much  more 
radioactive  debris  to  the  atomic  cloud,  Thus,  heavy  local  fallout  is  as¬ 
sociated  with  this  type  of  nuclear  explosion  while  relatively  little  early 
fallout  is  produced  by  an  air  burst. 

ZastiiPl  HU sal  EiiiUMlan 

The  early  fallout  from  a  surface  burst  will  begin  to  reach  the  ground 
within  savaral  mlnutas  after  the  exploaion  at  el<se-ln  locations,  and  at 
increasingly  later  times  at  greater  distances  from  ground  sero,  depending 
on  the  affective  wind  spaed  and  direction,  At  distances  of  several  hundred 
miles  from  the  explosion,  the  fallout  may  toot  commence  until  as  late  as 
24  hours  after  the  burst  time,  Furthermore,  several  hours  may  elapse  be¬ 
tween  the  time  of  arrival  of  the  fallout  at  any  point  and  the  time  when 
deposition  is  essentially  complete, 
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Appro*. 460  mil** 


Flgur*  7— IDEALIZED  EARLY  FALLOUT  PATTERN 
FOR  SURFACE  BURST 


Theoretical  calculatlonx  to  determine  the  dlxtributlon  of  local  fall¬ 
out  usually  assume  that  the  wind  blows  In  JusL  one  direction.  Under  auch 
conditions,  radioactive  fallout  will  tend  to  settle  In  a  cigar-shaped 
pattern  (Figure  7),  with  radiation  intensity  diminishing  in  the  downwind 
direction  and  toward  the  outside  edges, 

In  practice,  however,  winds  at  different  altitudes  move  in  different 
directions  at  different  speeds  and  actual  patterns  of  fallout  tend  to  be 
highly  Irregular  (Figure  8),  Thus  the  use  of  area  reports  on  general  radla* 
tlon  levels  as  an  estimate  of  haxards  in  a  local  area  may  not  be  reliable, 
The  only  sure  answer  is  to  measure  radiation  locally, 

Rate  of  Decay 


In  any  group  of  fallout  particles,  there  will  be  a  wide  variety  of 
isotopes,  each  with  a  different  decay  rate.  For  mixod  fission  products  the 
radiation  level  starts  high  but  drops  quickly,  as  short  half  lived  Isotopes 
decay,  An  easy  rule  of  thumb  is  that  for  each  increase  in  time  by  a  factor 
of  seven,  the  radiation  level  decreases  by  a  factor  of  ten,  For  examph  , 
the  radiation  level  at  the  end  of  7  days  will  have  fallen  to  roughly  one- 
tenth  of  that  at  the  end  of  1  day. 

Ejecta  on  Personnel 

Radiation  hasardi  item  from  the  fallout  particles  themselves.  The  air 
through  which  fallout  passes,  and  the  surfaces  on  which  it  settles,  do  not 
themselves  become  radioactive.  Remove  the  particles  and  there  is  no  danger. 

Alpha  and  beta  radiations  from  Callout  particles  penetrate  such  a 
short  range  that  they  are  dangerous  only  if  inhaled,  Ingested  or  contacted 
directly.  Gamma  radiation  is  the  major  hasard,  It  can  bo  effective  a  con¬ 
siderable  distance  from  the  particle  and  has  great  penetrating  power,  For 
example,  at  3  feet  above  tho  ground,  roughly  50  percent  of  the  dose  rate 
received  in  the  center  of  a  large,  flat,  uniformly  contaminated  area  comas 
from  distances  greater  than  50  feet  away,  and  about  25  percent  from  distances 
more  than  200  feat  away.  Thus,  complete  removal  of  tho  contaminated  surface 
from  a  circle  200  foot  in  radius  would  reduce  the  dose  rate  in  the  center 
to  about  one-fourth  of  its  original  value. 

Individual  exposure  to  radiation  dose  intensities  may  vary  from  almost 
insignificant  rates  at  locations  distant  from  the  burst  to  rates  well  in 
excess  of  1,000  roentgens  per  hour  at  closer  in  points,  As  shown  earlier, 
factors  such  as  weapon  yield,  type  of  burst  and  wind  directions  and  velocities 
determine  this  fallout  pattern, 

The  product  of  the  average  dose  rate  and  time  of  exposure  determine 
the  total  amount  of  radiation  dose  experienced  by  an  individual.  Table  I 
shows  the  effects  of  various  amounts  of  short  term  radiation  oxposure  (total 
received  within  a  few  day  period)  on  humans,  Tho  effects  also  depend  on 
such  factors  as  age  and  general  hoalth, 


TABLE  I 


BIOLOGICAL  EFFECTS  OF  EXPOSURE  ON  PERSONNEL 


Short-term  Dgae 


Vlalblo  Effect 


Able  to  Work 


30  r 


No  viaiHe  offocta, 


Yea 


75-100  r 

200  r 


450  r 


600  r 


Briof  period ■  of  nauaea  on  day  of  Yea 

oxpoaurs  in  about  107.  of  the  group. 

Aa  many  aa  307.  of  thia  group  may  ex-  Yea 

parlance  aomc  of  the  aymptoma  of 

radiation  aicknaaa.  Although  only 

57.  to  107.  may  require  modical 

attention,  no  deatha  are  expected. 

Serioua  radiation  alckneaa  in  moat  No 

mambera  of  the  group  followed  by 
death  to  about  507.  within  two  to  four 

weeka. 

Serioua  radiation  alckneaa  to  all  No 

membara  of  the  group  followed  by  death 
to  almoat  all  mambera  within  one  to 
three  weeka, 


Studiea  auggaat  that  it  la  poiaible  to  aurvlve  even  greater  total 
doaea  accumulated  in  email  unlta  over  a  longer  period  of  time. 

Protection  from  Fallout 

The  aeriouaneaa  of  the  haiarda  from  radioactive  fallout  to  peraonnel 
la  apparent  and  emphaalaea  the  Importance  of  protection  for  the  entire 
population,  Zt  la  during  the  period  immediately  following  the  nuclear 
axploalon,  when  the  radiation  level  la  at  lta  hlgheat,  that  thia  protection 
la  moat  Important, 

Information  haa  bean  publlahed  that  deacribea  procedurea  and  atandarda 
for  evaluating  the  potential  of  exlating  atructurea  aa  fallout  aheltera  and 
for  modifying  auch  atructurea  to  improve  their  ef fectlveneaa  in  thia  re> 
apect,  Thia  aubject  aa  related  to  waterworka  facllltlee  and  peraonnel  will 
be  diacuaeed  in  later  chaptera  of  thia  manual. 


Rowltluol  Kl'lpctw  and  Water  Supply  SywU'iim 

Hie  immediate  objective  for  personnel  surviving  the  initial  effects  of 
a  nuclear  explosion  la  to  avoid  becoming  a  casualty  from  the  residual  ef¬ 
fects  which,  while  more  subtle  In  nature,  nevertheless  can  prove  fatal. 

At  the  same  time,  quick  recovery  of  operation  of  the  water  supply  system  la 
another  Important  objective  because  available  water  Is  vital  for; 

(1)  human  survival 

(2)  controlling  fire  damage 

(3)  decontamination  operations 

To  moat  efficiently  accomplisli  these  objectives,  a  disaster  plan  is 
needed  that  provides  the  means  to  evaluate  when  and  how  to  initiate  rapid 
poatattack  recovery  procedures, 

LIKELY  TARGETS.  ATTACK  SIZES  AND  PATTERNS 

Tha  kind  and  also  of  possible  enemy  attack  patterns  are  subject  to  con¬ 
siderable  public  speculation,  Soma  recognised  national  authorities  have  made 
systematic  analyses  of  attacks  to  be  SApocted  as  a  result  of  various  enemy 
objectives,  snd  these  may  bs  summarised  rs  follows; 

(1)  A  limited  attack  almod  at  the  destruction  of  U,  S,  offensive  power. 

(2)  A  hesvler  attack  Intended  to  neutralise  total  L,  S,  military 
potential, 

(3)  A  vary  heavy  attack  intended  to  reduce  the  U,  S,  to  impotency, 

This  manual  cannot  undertake  a  complete  analyses  of  the  various  attack 
systems,  conditions  and  operating  factors  involved;  however,  some  reasonable 
generalisations  can  bo  made; 

(1)  Any  attack  system  regardless  of  objectives,  must  be  aimed  at  tha 
destruction  of  U,  8,  offensive  military  power,  This  moans  attacks 
on  Strategic  Air  Command  bases  with  nuclear  weapons,  and  probably 
with  more  than  one  bomb  per  t*r§et, 

(2)  Attempts  fo  neutralise  total  U,  S,  military  potential  probably 
means  attacks  on  all  military  bases  with  nuclear  weapon  yields 
commensurate  with  the  site  and  importance  of  the  individual  base, 

(3)  Attempts  to  reduce  the  nation  to  impotency  might  well  take  the 
form  of  additional  attacks  on  cities  (populations  of  50,000  plus). 
Surface  bursts  of  "dirty"  weapons  to  lncresae  tho  fallout  problem 
away  from  the  targets  may  also  be  used, 

(A)  Zt  is  reasonable  to  assume  that  thero  would  be  some  aiming  errors  - 
perhaps  by  as  much  as  tan  miles, 
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Signif Iconcc  Lo  Water  Supply  Systems 


From  the  above  conjectures,  it  may  be  further  aanumad  that  an  evalua¬ 
tion  of  potential  damage  and  hazards  to  any  given  wator  supply  systom  and 
its  personnel  would  dopond  upon  their  geographical  relationship  to  ltkaly 
targets,  weather  pattorns  and  resulting  nuclear  weapon  effects, 
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CHAPTER  IZZ 


VULNERABILITY  ASSESSMENT 


INTRODUCTION 

The  vulnerability  of  a  water  ayatam  to  a  nuclaar  attack  ia  a  maaaura  of 
tha  dagraa  to  which  tha  aarvlca  of  an  adequate  aupply  of  watar  by  tha  utility 
would  ba  advaraaly  affactad  by  tha  initial  and  poatattack  affacta  of  tha 
nuclaar  exploalon  or  exploalona,  Ona  of  tha  moat  Important  parta  of  a  watar 
utlllty'a  advanca  praparation  program  ia  tha  aaaaaamant  of  tha  utility'* 
vulnarabillty  to  auch  an  attack.  Tha  purpoaa  of  tha  vulnarablllty  aaaaaa¬ 
mant  la  to  provlda  through  vulnarablllty  raductlon  maaauraa  for  tha  continuity 
of  poatattack  oparatlona.  Tha  raaulta  of  tha  vulnarablllty  aaaaaamant  can 
ba  uaad  to  conaldar  priority  lavala  in  tha  ovar-all  poatattack  condition  aa 
wall  aa  to  datarmlna  tha  extant  of  "hardening"  nacaaaary  to  accompllah 
varloua  dagraaa  of  protection.  Aa  a  raault  of  the  vulnarabillty  atudlaa 
definite  attainment  goala  ahould  ba  formulated  and  tlme-phaaad  for  raaaonabla 
achievement  dataa. 

Tha  vulnarabillty  of  a  watar  ayatam  axtanda  beyond  atructural  conaldar- 
atlona.  It  alao  encompaaaaa  raw  matariala;  equipment  required  for  operation; 
and  paraonnel  protection!  availability  and  training.  Vulnerability  atudlaa 
will  alao  point  out  the  varloua  oparatlona  which  may  be  affactad  and  ahould 
ba  a  baala  for  tha  provlilona  of  poaalbla  mathoda  of  repair  and  improviaa- 
tion  which  may  ba  uaad  to  reatore  a  particular  operation.  Tha  vulnerability 
aaaaaamant  ahould  include  the  following i 

1)  Source  facilltlaa 

2)  Treatment  facilltlaa  and  proeeaiaa 

3)  Tranamlaalon  facilltlaa 

4)  Storage 

3)  Dlatrlbutlon  facilltlaa 

6)  Structurea 

7)  Power 

8)  Communlcatlona 

9)  Equipment 

10)  Material  and  auppliai 

11)  Manpower 

12)  Emergency  procedurea 

The  affacta  of  nuclear  waapona--blaat,  thermal  and  fallout--ara  dia- 
cuaaad  in  Chapter  II.  Thaaa  affacta  muat  be  conaldared  in  determining  vul¬ 
nerability,  They  would  vary  according  to  the  alae  and  yield  of  the  individual 
weapon,  type  of  buret  (air,  aurface  or  aubaurface) ,  altitude  of  the  air  burat, 
dlatanca  from  tha  burat,  geography,  meteorological  conditiona,  time  of  day 


and  tho  nature  of  the  material*  that  would  be  effoctod,  All  of  thsss  vari¬ 
able!  cannot  be  conaldered  almul taneoualy 5  however,  it  ia  possible  to  review 
the  effects  of  each  variablo  independently  and  then  consider  a  reasonably 
probable  over-all  effect  from  the  major  or  significant  variables. 

The  results  of  a  specified  blast  can  be  eatimated  using  data  from  studies 
that  have  been  made  of  nuclear  weapon  phenomena.  The  range  of  effects  in 
which  we  are  Interested  is  from  the  point  of  first  notlcoable  damage  up  to 
complete  and  irreparable  destruction. 

The  effects  of  a  nuclear  explosion  on  a  structure  are  primarily  due  to 
blast  and  shock  forces  and  to  a  lesser  extent,  thermal  radiation.  On  per¬ 
sonnel  and  water  supply,  Initial  radiation  and  radioactive  fallout  are  also 
of  importance,  Blast  waves  act  to  deform  and  fragment  structures,  thermal 
radiation  acts  to  ignite  combustibles  and  melt  non-combustibles,  while  radio¬ 
activity  acts  to  contaminate  the  area  and  thereby  adds  to  tho  difficulties 
in  accomplishing  repair  and  rebuilding. 

This  chapter  has  been  prepared  so  as  to  guide  water  utility  managers  in 
assessing  the  vulnerability  of  their  own  system  to  nuclear  attack  and  the 
resulting  post  nuclear  effects,  Criteria  are  given  and  an  orderly  procedure 
is  outlined  for  making  such  an  assessment.  Finally  a  detailed  example  la 
presented  giving  an  Ideal  assessment  of  a  smell  to  medium  site  utility. 

SWWL  or  WMiMWOT  TO,,  pfcAsj,  THMHALMP  IM&lMLtABIMIfiOIElglfl 

Blast  wave,  thermal  radiation  and  ionising  radiation  have  been  reviewed 
in  the  preceding  chapter.  Using  the  information  developed  consideration  will 
now  bo  given  to  the  response  of  various  targets  to  these  affects.  Criteria 
of  damage  will  be  reviewed. 

General  Criteria 

Tho  damage  resulting  from  blast  or  shock  waves  can  be  related  to  over¬ 
pressure  (psl),  that  from  thermal  radiation  to  energy  (cal/cnr)  and  that  from 
ionising  radiation  to  radiation  dose  (roentgen  or  roantgen/hr) , 

The  effects  of  blast  wave  overpressure  on  structures  vary  considerably 
depending  upon  the  material  of  construction  as  well  as  the  over-all  strength 
of  the  structure.  This  is  demonstrated  in  Figure  6  of  Chapter  XX.  Most 
structures  suffer  some  damage  (damage  in  some  portions)  when  the  overpressure 
exceeds  about  one-half  psl,  frame  houses  may  collapse  at  two  psl,  most  con¬ 
ventional  houses  will  be  damaged  beyond  repair  at  five  psi,  while  tho 
structural  members  of  blest  resistant  structures,  such  as  stael  reinforced 
j  concrete  buildings,  may  withstand  over  10  psl,  Motor  vehicles  may  withstand 

!  about  5  psl, 

! 

I  Thermal  radiation  will  ignite  materials  and  causa  skin  burns  and  eye 

injuries.  Soma  combustible  materials  customarily  found  in  homes  can  be 
ignited  at  lass  than  3  to  6  cal/cnr  shown  in  Figure  3,  Eye  injuries  can 
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occur  at  considerably  greater  diatancee  from  the  exploeion  than  those  at 
which  first-degree  burns  will  be  received. 


The  effects  of  ionising  radiation  will  also  vary  as  shown  in  Table  Z, 
Early  fallout  is  capable  of  producing  radioactive  contamination  over  large 
areas  with  an  intensity  great  enough  to  represent  an  immediate  biologicel 
hasard.  Delayed  fallout  generally  poias  no  immediate  danger  to  health  al¬ 
though  there  may  be  a  long  term  hasard, 

Affected  Areas 


The  areas  affected  by  blast  and  shock,  initial  radiation,  thermal  radia¬ 
tion  and  residual  radiation  can  be  separated  into  three  genetal  classes. 

These  classes  will  depend  upon  the  intensity  of  each  of  the  destructive 
phenomena  and  on  the  way  in  which  they  interact  with  the  environment,  The 
three  classes,  located  at  varying  distances  from  the  canter  of  the  nuclear 
burst,  can  be  related  to  the  following  aonass 

Zone  1  -  The  area  closest  to  the  site  of  the  burst  where  the  blast, 
thermal  and  ionising  radiation  affects  will  all  be  evident. 
Structural  damage  will  be  the  primary  gross  affect  noted 
hare  along  with  fire  damage  and  a  need  for  shielding  per¬ 
sonnel  from  radiation  for  soma  period  of  time. 

Zone  2  -  Large  areas  primarily  downwind  from  the  target  where  fallout 
from  residual  radiation  will  be  the  main  concern.  In  addi¬ 
tion  fires  may  also  reach  this  sone,  The  primary  concern  in 
thia  aone  will  be  the  shielding  of  personnel, 

Zona  3  -  Areas  at  a  sufficient  distance  from  the  blast  such  that  no 

direct  effects  from  the  nuelear  explosion  era  noted,  However, 
such  areas  may  be  surrounded  by  others  experiencing  the  effects 
noted  for  Zones  1  and  2  and,  therefore,  the  inhabitants  may  be 
unable  to  leave  this  sone  for  e  limited  period. 

Zone  1,  end  to  some  extant  Zone  2,  can  be  further  broken  down  into  areas 
of  severe,  moderate,  and  light  damage.  The  limits  of  these  areas  will  vary 
as  shown  in  Figures  3  end  6  of  Chapter  ZZ  according  to  whether  blast,  thermal 
radiation  or  radioactivity  is  being  considered.  The  various  degrees  of 
damage  resulting  from  a  nuclear  burst  will  now  be  considered. 

Blast  Iffects 

Zn  the  elr  burst,  30%  of  the  energy  is  in  the  blast  on  pressure  waves, 
33%  in  thermal  radiation  and  the  remaining  13%  in  radioactivity, 

The  shock  front  of  the  blast  wave  spreads  from  the  fireball  like  a 
ripple  a  little  fester  then  the  speed  of  sound,  The  blast  from  a  one-megaton 
weapon  would  almost  completely  destroy  all  building*  within  two  miles  and 
severely  damage  everything  but  massive  buildings  *p  to  three  miles.  The 


rang*  of  destruction  is  proportional  to  tha  cuba  root  of  tha  bomb's  anargy; 
thus  tha  damaga  by  blast  from  a  20-magaton  bomb  would  axtand  tan  timas 
farthar  than  that  of  tha  20  XT  Hiroshima  sisa  waapon. 


Tharmal  Radiation  Effects 

In  tha  savara  tharmal  radiation  damaga  sona,  flra  may  apraad  among  tha 
dabrls  producad  by  tha  blast.  A  flra  storm  consists  of  a  wind  blowing  toward 
tha  burning  araa  from  all  diroctiona.  Bacausa  of  tha  strong  Inward  draft  at 
ground  laval  tha  flra  storm  can  limit  tha  spraad  of  tha  fira  bayond  tha 
initial  lgnltad  araa;  howavar,  virtually  avarythlng  ccmbustlbla  within  tha 
raglon  will  ba  daatroyad. 

In  tha  modarata  tharmal  radiation  damaga  sona  many  combustlblaa  will 
lgnlta  and  thara  will  ba  a  good  number  of  scattered  fires  which  may  join  and 
become  a  "conflagration"  or  "awaap  conflagration".  A  ona-magaton  bomb  pro¬ 
duces  a  flash  hot  enough  to  convert  more  than  half  a  million  tons  of  water 
into  steam.  It  can  causa  third  degree  burns  to  people  13  mllaa  away  while 
tha  20  MT  would  extend  this  to  43  miles {  while  aya  injuries  would  occur  at 
avan  much  greater  distances. 

In  the  light  tharmal  radiation  aona,  soma  scattarad  fires  will  ba  noted. 
Any  paraon  in  tha  open  will  racalva  second  or  third  dagraa  flash  burns. 

Ionising  Radiation  ■11*1911 

Tha  affect  of  radioactivity  on  individuals  from  a  nuolaar  explosion  will 
depend  on  tha  dosa  racalvad  as  wall  as  tha  individual  tolerance.  Frotaetlon 
by  sheltering  is  all  Important.  For  those  in  tha  open  at  tha  time  of  a  blast 
initial  nuclear  radiation  at  a  radius  of  1.5  and  2  mllaa  for  a  1  and  10  mega¬ 
ton  waapon  respectively  can  result  in  a  100%  death  rata.  A  nuclear  radiation 
shield  would  hava  to  ba  vary  massive  to  afford  affactlva  protection  from 
initial  radiation  at  distances  close  to  tha  burst. 

Residual  radioactivity,  early  and  delayed,  will  axtand  far  bayond  tha 
araa  of  blast,  tharmal  and  initial  radioactivity  cffacts.  Because  of  this, 
it  is  possible  for  paopla  to  become  casualties  at  auch  distances  from  tha 
explosion  that  tha  immediate  affects  era  negligible  or  completely  absent.  It 
is  difficult  to  designate  tha  araa  that  would  ba  affected  by  residual  radia¬ 
tion  in  a  reasonably  accurata  manner  bacausa  it  is  dependant  upon  so  many 
conditions  including  anargy  yield  of  tha  explosion,  ralativa  contributions  of 
fission  and  fusion  to  tha  total  yield,  tha  height  of  burst,  tha  nature  of  tha 
surface  over  (or  on)  whioh  tha  detonation  occurs,  rainfall  and  especially 
windspaads  and  directions  over  a  considerable  height.  It  is  certain,  howavar, 
that  a  surface  burst  in  tha  megaton  range  will  lead  to  contamination  of  vary 
large  areas  by  early  fallout  which  will  reach  tha  ground  within  savaral  hours 
after  tha  explosion, 


»  A  1  1  i  «  • 


COMPUTATION  OF  PROBABLE  EFFECTS 

Blaat  Effecta 

The  damage  reaultlng  from  aerodynamic  ahock  wavaa  can  ba  ralatad  to 
overpraaaurea,  Theoretically,  tha  praaaura  which  occura  at  a  glvan  dlatanca 
from  an  axploalon  la  proportional  to  tha  cubic  root  of  anargy  yiald.  Accord¬ 
ing  to  thia  law,  if  Di  ia  tha  diatanca  (or  alant  ranga)  from  a  rafaranca  ax- 
ploaion  of  Wi  magaton  at  which  a  certain  ovarpraaaura  or  dynamic  praaaura  ia 
attainad,  than  for  any  axpioaion  of  W  magaton  anargy  thia  aama  praaaura  will 
occur  at  dlatanca  D  aa  glvan  by 


Thia  law  alao  may  ba  appllad  to  dlatancaa  from  ground  aaro  aa  wall  aa  to  dla¬ 
tanca  from  tha  axploalon  for  air  burata  having  diffarant  anargy  ylalda, 

Tha  ralatlonahlpa  between  waapon  ylalda,  poaalbla  damaga  and  oxtandad 
dlatancaa  with  raapact  to  ovarpraaaura  for  aurfaca  burata  ara  aummarlaad  in 
Flgura  6,  Chaptar  IX, 

Tharmal  Radiation  Effocta 

Tharmal  radiation  raaultlng  from  a  nuclaar  axploalon  travala  with  tha 
apaad  of  light  and  will  tranaport  anargy  varying  approxlmataly  linaarly  with 
tha  yiald  and  atmoapharlc  tranamlttanca  and  lnvaraaly  aa  tha  aquara  of  tha 
dlatanca  aa  glvan  by 

. . .  1000  fWT 

Q  (cal/aq  cm)  ■  - s - 

D 


for  a  aurfaca  burat, 

Whara  D  ia  dlatanca  in  mllaa  from  axploalon 

W  la  waapon  yiald  in  magatona 
T  la  atmoapharlc  tranamlttanca 
f  ia  fraction  factor 
f  »  1.04  for  air  burat 
f  ■  0,d  to  0,5  for  aurfaca  burat, 

For  axampla,  if  the  tharmal  radiation  la  11  cal/cm?  for  a  aurfaca  burat 
of  a  1-MT  waapon  at  a  alant  ranga  of  5  mllaa,  than  with  unchangad  atmoapharlc 
condltlona,  tha  aama  radiation  axpoaura  will  be  extended  to  13  mllaa  for  a 
10-MT  waapon, 

Tha  affect  of  vlalbllity  on  tranamlttanca  of  tharmal  energy  ia  ahown  in 
Flgura  9. 
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Figure  9.  — ATMOSPHERIC  TRANSMITTANCE  AS  A  FUNCTION 
OF  DISTANCE  FOR  VISIBILITIES  OF  10 MILES  AND  80  MILES 
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Thi>  thormul  radl  at  ion  produced  by  nn  air  burat  cun  bo  determined  from 
the  exploaion  yield  and  slant  range  using  Figure  10,  Thin  figure  ha*  been 
prepared  for  u  reasonably  clear  Mtatu  of  the  atmoaphara,  that  ia,  a  viaibllity 
of  10  mile*  or  more,  Under  hazy  ntmoaphoric  condition*,  or  in  the  event  of 
a  aurface  burat  ,  the  diatance  obtained  from  Figure  10  may  be  decraaaed. 
Similarly,  a  layer  of  don.ae  cloud  or  amoke  between  the  target  and  the  point 
of  burat  will  decreaae  the  diatance  over  which  fire*  may  be  atarted. 

The  apread  of  flrea  in  a  city  depend*  upon  many  condition*  including 
weather,  terrain  and  cloaeneaa  and  combuatlbility  of  the  building*,  If  other 
clrcumatancea  are  more  or  leaa  the  aame,  the  moat  important  criterion  of  the 
probability  of  fire  apread  la  the  diatance  between  building*,  Figure  11  pro¬ 
vide*  a  rough  eatimat*  of  the  probability  of  fire  apread  accompanying  a 
nuclear  exploaion  when  a  large  number  of  amall  flrea  are  atarted  directly  by 
thormal  radiation  and  indirectly  in  other  waya. 

The  poaalblllty  of  burn*  of  any  particular  degree  of  aeverlty  occurring 
can  be  related  to  radiant  expoaure,  exploaion  yield  and  diatance  from  the 
center  of  exploaion, 

Ionizing  Radiation  Effect* 

The  biological  affect  of  axpoaure  to  r«4i«tion  i*  given  in  Table  1, 
Radiation  doaa  could  be  calculated  by  multiplying  the  average  doze  rate  by 
length  of  expoaure  (e.g.  3  roentgen*  per  hour  time*  4  hour*  equal*  12 
roentgen*),  A*  diacuaaed  in  Chapter  IZ,  the  radioactivity  do*e  rate  decrease* 
by  a  factor  of  10  for  every  sevenfold  increase  in  time  after  exploaion,  Cal¬ 
culation*  of  do**  rate*  in  early  fallout  can  be  made  from  Figure  12,  Total 
accumulated  dose  can  be  obtained  from  Figure  13,  To  determine  the  total 
radiation  doaa  which  might  be  received  while  doing  outside  repair  work  after 
a  nuclear  attack  Figure*  12  and  13  can  be  used, 

To  illustrate  do**  rate  calculation* ,  suppose  that  an  individual  became 
exposed  to  a  certain  quantity  of  gamma  radiation  from  early  fallout  2  hour* 
after  a  nuclear  explosion  and  the  dose  rate,  measured  at  that  time,  were 
found  to  be  1,3  roentgens  per  hour,  What  will  be  the  total  doaa  received 
during  ths  subsequent  12  hours,  l,e,  by  14  hours  after  explosion? 

The  first  step  ia  to  determine  the  unit-time  reference  dose  rate  from 
Figure  12.  It  is  seen  thati 

Doaa  rat*  at  2  hours  after  exploaion  .  q  40 
Unit-time  reference  dose  rate 

and  since  the  doaa  rate  at  2  hours  is  known  to  be  1,3  roentgens  per  hour,  the 
reference  value  is  1,3/0,40  ■  3,8  roentgens  per  hour.  Next,  from  Figure  13, 


27 


SLANT  HANOI  FROM  EXPLOSION  (MILES) 

Figure  10.— SLANT  RANGES  FOR  SPECIFIED  RADIANT  EXPOSURES 
AS  FUNCTION  OF  ENERGY  YIELD  OF  THE  EXPLOSION 
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WIDTH  OF  FIRE  OAF  (FEET) 


Figuri  1 1.  -  WIDTH  OF  OAR  AND  PROBABILITY  OF  FIRE  SPREAD 
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TIME  AFTER  EXPLOSION  (HOURS) 

Figure  13.-  CURVE  FOR  DETERMINING  ACCUMULATED  DOSE 


it  In  found  that  for  2  houra  and  14  houra  respectively,  after  the  explosion 


Total  doau  at  2  houra  after  explosion  .  jtg 
Unit-time  reference  doaa  rate 


and 


Total  doaa  at  14  houra  after  axploaion  .  -j t  j 
Unit-tima  reference  doaa  rata 


Hence,  by  subtractions 

Doaa  racalvad  batwaan  2  and  14  houra  after  axploaion  m  ^3 
Unit-tima  rafaranca  doaa  rata 

Tha  unit-tima  rafaranca  doaa  rata  ia  3,8  roentgena  par  hour,  and  ao  tho  total 
doaa  racalvad  in  tha  12  houra,  batwaan  2  and  14  houra  aftar  axploaion,  la 
3,8  x  1,3  -  4,9  roentgens. 

With  tha  aid  of  Figures  12  and  13,  many  dlfferant  typaa  of  calculationa 
relating  to  radiation  doaa  ratea  and  total  doaaa  racalvad  from  aarly  fallout 
can  be  made, 

"Doaa  Rata"  and  "Entry  Tima  -  Stay  Tima  -  Total  Doaa"  nomograma  ahown 
In  Flguraa  14  and  13  raapectlvcly  are  especially  useful  for  finding  tha  dqio 
rata  and  aarllcit  entry  time  into  an  area  to  perform  a  Job  requiring  a  known 
stay  time,  Illustrated  axamplaa  are  ahown  in  tha  following  pages. 

Illustrated  Examolaa  of  Doaa  Rata,  Stay  Tima  and  Total  Doaa  Calculation 
Example  1  (Doaa  Rata  Nomogram) 

Given  ■  Tha  doaa  rata  at  H  +  12  la  30  r/hr 

Find  ■  Tha  doaa  rats  at  H  +  18 

Solution  ■  Using  a  straight  edge,  connect  30  r/hr  on  tho  "Doaa  Rata  at 
H  +  t"  column  with  12  hours  on  tho  "Tima  aftar  Burat"  column 
and  road  970  r/hr  on  tha  "Doaa  Rate  at  H  +  1"  column.  Pivot 

tha  straight  edge  to  connect  970  r/hr  on  tha  "Doaa  Rato  at 

H  +  1"  column  with  18  hours  on  the  "Tima  Aftar  Burat"  column 
road  tha  answer  from  tha  "Doaa  Rata  at  H  +  t"  column. 

Anawor  ■  31  r/hr 
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Flgurt  15. -ENTRY  TIME-STAY  TIME-TOTAL  POSE  NOMOGRAM 

<R/hr) 


33 


Example  2  (Entry-Time  -  Slay '■Time  -  Total' Done  Nomogram) 


(liven  -  Done  Rate  at  11  +  It)  In  12  r/hr.  Entry  time  in  14  hours 
and  the  mission  done  in  entnhllnhed  at  50  r. 

Find  »  Stay  Time 

Solution  »  Find  the  done  rate  m  H  ■  1  (190  r/hr)  an  described  In 
Example  1,  Lining  a  nt might  edge,  connect  50  r  on  the 
"Total  Done"  column  with  190  r/hr  on  the  "Done  Rite  at 
H  +  1"  column,  Thin  nhown  0,26  on  the  "D/R^"  column, 
Connect  0,2b  on  the  "D/Ri"  column  with  14  hourn  on  the 
"Entry  Time"  column.  Read  H  hourn  on  the  "Stay  Time" 
column, 

Answer  -  H  hourn 

Example  3  (Entry  Time  -  Stay-Time  -  Total  Dos«  Nomogram) 

Given  •  The  Done  Rate  nt  H  +  H  is  10  r/hr, 

Find  ■  The  total  done  received  if  a  person  enters  the  area  at 

H  +  10  and  remains  for  4  hours, 

Solution  •  Find  the  done  rate  at  H  +  1  (120  r/hr)  as  described  in 

Example  1,  Using  a  straight  edge,  connect  4  hours  on  the 
"Stay  Time"  column  with  10  hours  on  the  "Entry  Time" 
column,  This  shows  0,21  on  the  "D/Ri"  column,  Connect 
0,21  on  the  "D/R}"  column  with  120  r/hr  on  the  "Dose  Rate 
«t  H  +  1"  column.  Road  the  answer  from  the  "Total  Dose" 
column, 

Answer  •  25  r, 


Personnel  Shelter 


The  vulnerability  assessment  should  be  especially  thorough  in  reviewing 
the  adequacy  of  personnel  shelters  with  regard  to  their  construction,  loca¬ 
tion,  also  and  numbers,  Although  the  protection  of  facilities  and  personnel 
from  blast  effect  is  essential,  the  need  for  the  protection  of  personnel  from 
ionising  radiation  is  relatively  greater  as  ionising  radiation  will  affect  a 
much  larger  area,  Tho  protective  measures  available  against  hasardous  radia¬ 
tion  effects  of  radioactive  fallout  will  be  discussed  in  detail  in  Chapter 
IV,  Calculations  can  be  made  of  the  protection  provided  by  various  types  of 
shelters,  The  protection  factor  is  the  ratio  of  the  radiation  dose  one  would 
experience  outside  a  shelter  to  the  dose  one  would  receive  inside.  Table  IX 
has  been  prepared  to  show  the  minimum  protection  factor  to  prevent  4  days 
exposure  dose  from  exceeding  200  roentgens  under  various  radiation  intensities, 
Additional  information  la  given  in  Figure  16  which  shows  the  dose  transmission 
factor  for  initial  gamma  radiations  of  various  materials  as  functions  of 
thickness, 
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Figure  16.- DOSE  TRANSMISSION  FACTORS  FOR  ABOUT  t  M«v  GAMMA  RADIATIONS 
OF  VARIOUS  MATERIALS  AS  FUNCTION  OF  THICKNESS 


TABLE  II 


RADIATION  EXPOSURE  DOSE  -  UNSHELTERED  PERSONNEL 
AND  SHELTER  PROTECTION  FACTOR  FOR  SURVIVAL 


Radiation 
Intensity  at 
(H+l)  (r/hr) 

Approximate  4  day 
exposure  dose 
(roentgens) 
unsheltered  personnel 

Minimum  Protec¬ 
tion  factor  for 
Survival  in  Shelter** 

Area  of  U.S.* 
Involved 
% 

50 

140 

l 

50 

50  -  100 

140  -  290 

1  -  2 

13 

100  -  300 

290  -  870 

2  -  5 

17 

300  -  500 

870  -  1450 

5  -  8 

5 

500  -  1000 

1450  -  2900 

8  -  15 

5 

1000  -  3000 

2900  -  8700 

15  •  44 

8 

3000 

8700 

2 

100X 

*  Baaed  on  "The  Probable  Fallout  Thraat  Ovar  the  continental  United  States", 
by  Tec-Ops  in  which  a  4080  MT  (2720  flaalon  megatons)  attack  on  both 
military  and  industrial  targets  was  assumed, 

**  Required  to  reduce  the  4-day  dose  to  200  roentgens  or  less, 


VULNERABILITY  OF  WATER  UTILITY  FACILITY  AND  WATER  SUPPLY 

A  guide  for  vulnerability  assessment  of  water  utility  facilities  and 
water  supply  to  blast  and  shock,  thermal  radiation  and  ionising  radiation  la 
shown  in  Table  III, 


r 


:amplb  of  a  utility  assessment 

T«blt>  IV  1*  An  oxamplo  of  h  vul nttrability  «aseaament  of  a  municipal 
water  utility  with  t ha  following  charActariatica , 

1)  Population  aervodi  130,000 

2)  Average  dally  conaumption!  30  mgd 

3)  Area  aarvedi  23  aq  mllea 

4)  Praaaura  Zonaat  Thrao  major  praaaura  aonaa  aro  provided  through 

local  topographic  condition  in  tha  aarvlce  area, 

3)  Water  aourceas  Surface  wator  (local) t  13%  of  total  aupply  la 

produced  by  2  local  atraama. 

Surface  water  (imported) i  33%  of  total  aupply  la 
purchased  from  other  water  districts  via  long 
transmission  line. 

Ground  water  (local) i  30%  of  total  supply  is  pro¬ 
duced  by  12  deep  wells  located  within  sarvlco  area, 

6)  Reservoirs i  17  covered  reservoirs  ranging  in  slxe  from  0.9  mg 

to  30  mg  are  at  various  locations  in  the  service 
area  and  provide  total  storage  capacity  of  100  mg, 

7)  Pumping  facilities!  There  are  34  pumping  stations  in  tha  system  -  12 

for  deep  well  water  pumping  and  tha  other  22  for 
booster  pumping.  No,  1  well  is  installed  with 
submersible  pump  while  turbine  pumps  are  used  for 
other  wells,  Electric  power  is  usod  at  all  pump¬ 
ing  stations  except  at  the  No,  3  wall  which  is 
driven  by  a  40  HP  gasoline  engine. 

The  assessment  can  and  should  be  simplified  by  eliminating  from  tha 
study  most  of  the  smaller  or  non-critlcal  portions  of  the  system, 

Tha  first  step  in  the  assessment  is  to  list  tha  facilities  to  be  checked. 
For  each  type  of  facility  involved  a  list  of  items  to  be  field  checked  is 
made,  A  tabulation  similar  to  Table  ZV  is  then  made  and  tha  estimated  response 
of  each  of  the  facilities  is  noted. 

The  tabulated  data  is  then  studied  to  determine  tha  most  vulnerable 
facilities  and  the  relative  importance  of  tha  various  items  is  considered. 

In  this  study  the  following  conclusions  were  made! 
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8ourc«  Suppliaa 

1)  Walla  -  Although  deep  walla  may  vary  wall  wlthatand  nuclaar  blaat 

with  high  ovarpraaaura i  tha  alaetric  powar  aupply  la  vul- 
narabla  and  aarvlca  may  fall  bacauaa  of  a  lack  of  powar. 

Wall  Mo,  3,  howavar,  will  probably  contlnua  In  oparatlon  aa 
It  la  gaa  angina  drlvan  with  atandby  gaaollna  carburatlon 
and  la  houaad  In  a  blaat  raalatant  building, 

2)  lmportad  Aqueduct  Sourca  -  Tha  aquaduct  and  lta  aarvlca  taka-offe 

ara  ralatlvaly  lnvulnarabla ,  but  a  atudy  of  tha  aourca 
faellltlaa  lndleatad  that  prolongad  aquaduct  outage  ahould 
ba  anticipated  following  nuclear  attack, 

3)  Surface  Straama  -  Faellltlaa  ara  ralatlvaly  lnvulnarabla  to  blaat, 

but  radiation  and  thermal  affect  (watarahad  flraa)  may  pre¬ 
vent  uaa, 

Tha  conelualon  raachad  on  aourca  auppllae  waa  that  Wall  No,  3  offarad 
tha  only  dependable  aourca  of  water  following  nuclear  attack,  Thla  wall, 
with  a  capacity  of  1800  gpm,  will  furnlah  water  to  tha  hlghaat  praaaura  eya- 
tem,  and  will  provide  at  laaat  tha  minimum  amount  of  watar,  10  gped,  for  all 
tha  aurvlvlng  population  during  tha  poatattaek  period, 

A  aaeond  wall  aourca  almllarly  hardened  would  ba  daelrabla, 

Raaarvolra  ware  found  to  bo  relatively  lnvulnarabla  except  that  tha  roofa 
of  6  raaarvolra  with  a  total  atoraga  capacity  of  approximately  32  million 
gallone  would  probably  eollapea,  Howavar,  tha  concrata  roofa  of  two  raaar¬ 
volra  having  a  total  atoraga  of  32  million  gallona  ahould  remain  Intact, 

It  la  concluded  that  tha  vulnerability  of  tha  raoarvolr  atoraga  will  ba 
only  affected  by  tha  poeolbla  contamination  by  fallout  In  the  watar  In  thoae 
raaarvolra  where  tha  roofa  have  collapaad,  and  thla  ahould  not  ba  a  algnlfl- 
cant  radiation  lngaatlon  haaard, 

laaiiu  Lutttoi  3mm 

Tha  booatar  pumping  faellltlaa  ara  vulnerable  through  powar  aourca 
failure,  Reliable  atandby  powar  aourcaa  ara  naeaaaary  to  Improve  thla  con¬ 
dition  to  provide  at  laaat  minimum  booatar  pumping  aarvlca,  Folaa,  llnaa, 
ate,,  have  higher  blaat  raalatanct  than  moat  bulldlnga, 

Tranamlaalon  and  Dlatrlbutlon  Syatam 

Tha  tranamlaalon  ayetam  la  wall  protected,  Tha  dlatrlbutlon  ayatam 
piping  la  not  vulnerable  except  for  appurtanancaa  aueh  aa  above  ground  fire 
hydranta  and  houaa  piping  connactlona,  Tha  major  problem  expected  la  tha 
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rapid  loaa  of  stored  water  through  leaks  developing  within  consumers 1  property 
when  the  service  piping  in  homes  and  buildings  is  damaged, 

Miscellaneous  Facilities 


The  laboratory  is  extremely  vulnerable  and  standby  field  laboratory 
facilities  must  be  provided  in  well  protected  locations. 

The  warehouse  and  equipment  yards  are  somewhat  vulnerable  but  sufficiently 
dispersed  to  be  at  least  partially  resistant  to  attack. 

Communication  equipment  is  reliable  with  at  least  10  mobile  radio  units 
available  in  case  of  failure  of  the  communication  control  center. 

Shelter  facilities  for  psrsonnel  are  barely  adequate  and  should  be 
Improved, 
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CHAPTER  XV 


mwHwvi  ama 


INTRODUCTION 

The  purpoae  of  ehi«  chapter  la  Co  praaant  prlnelplaa  for  tha  protaoMon 
of  paraonnai  and  water  facliltlaa  from  nuolaar  axploalona.  A  iaria  nutnbar 
of  water  ayatama  in  tha  Unltad  Statee  would  ba  outalda  cha  limit a  of  blaat 
or  haat  affacta  of  any  nuolaar  attack  within  tha  aoopa  of  praaant  military 
eetlmataa,  but  naarly  all  would  ba  axpoaad  to  haaardoua  radiation  affaota  of 
radloactlva  fallout  which  may  covar  wlda  and  unpradletabla  araaa  aa  ahown  In 
Plgura  17,  Tha  naad  for  "hardening"  planning  to  provide  blaat  and  thermal 
protection  for  watar  ayatama  located  near  critical  target  araaa  will  ba  dla- 
cuaaed,  but  the  major  amphaala  will  ba  placed  on  human  aurvlval  eapaelally 
protection  from  radloactlva  fallout, 

FALLOUT  PROTECTION 

The  purpoaa  of  fallout  protection  .In.. -to  provide  adequate  oenatructlon, - 

equipment  and  procaduraa  ao  aa  to  protect  not  only  paraonnai,  but  kay  opera¬ 
ting  araaa,  and  alao  to  provide  for  removal  of  fallout  from  axtarlor  aurfacaa 
with  minimum  difficulty  ao  aa  to  facilitate  recovery  of  the  vatervorka, 

Paraonnai  Protection 

Radiation  protection  maaaurea  are  baaed  on  tha  aaaumptlon  that  all  radi¬ 
ation  axpoaura  la  harmful.  However,  experience  and  reaaareh  have  ahown  that 
If  axpoaura  la  kept  below  a  certain  level,  medical  eara  will  not  ba  required 
for  the  majority  of  tha  people.  Pew  people  get  alek  who  have  been  axpoaad 
to  100  roentgana  or  leaa,  Aa  tha  axpoaura  doae  lncraaaaa,  tha  aavarlty  of 
affacta  will  lncreaae.  Howaver,  the  ef facta  on  Indlvlduala  axpoaad  to  the 
aama  doae  will  vary  widely.  Table  X  may  be  uead  to  aetlmata  ahort-term 
affacta  on  humana  of  external  gamma  axpoaurea  of  leaa  than  four  daya, 

In  eonaldarlng  protection  againat  the  three  typea  of  radiation  aaaoolatad 
with  fallout  material,  protection  againat  gamma  radiation  la  of  primary  Im¬ 
portance  baeauaa  of  ita  great  penetrating  power,  elmllar  to  but  more  potent 
than  x-raya.  Alpha  and  bate  radiation  are  relatively  aaay  to  ahleld  againat 
aa  ahown  In  Figure  19,  Oamma  radiation,  however,  can  require  eonalderable 
amounta  of  denae  materlala  or  dlatanca  between  paraona  and  tha  radiation 
aource  In  order  to  prevent  damage. 


Figure  18.  — COMPARISON  OF  PENETRATING  POWER  OF  ALPHA,  BETA,  AND 
GAMMA  RADIATION 
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Shielding  Protection 

Protection  from  the  effect*  of  fallout  Mamma  radiation  may  lie  achieved 
in  two  way*,  One  method  1*  to  place  a  harrier  or  NhicldlnH  material  between 
the  fallout  field  and  the  person,  Thu  Mocond  1*  to  Increase  the  distance  of 
the  person  from  the  fallout  field,  Thla  i*  termed  distance  or  geometry 
shielding,  In  moat  caaea,  it  la  necessary  to  consider  the  combined  effecta 
of  both  barrier  and  geometry  shielding  to  determine  the  effectiveness  of  a 
shelter,  The  protection  provided  by  shielding  in  a  typical  filter  building 
la  shown  in  Figure  19,  Gamma  rays  are  absorbed  to  some  extent  when  they  pass 
through  any  building  materials.  The  shielding  effects  of  various  kinds  of 
walla  and  roofa  are  related  to  the  thickness  and  denalty  of  the  material,  A 
greater  thickness  of  a  leas  dense  substance  (wood)  than  one  of  high  denalty 
(metal)  la  required  to  attenuate  the  radiations  by  a  specified  amount, 

The  term  "protection  factor"  expresses  the  relative  reduction  in  the 
amount  of  radiation  that  would  be  received  in  the  protected  location  compared 
tc  the  amount  it  would  receive  if  it  were  unprotected,  For  convenience  of 
calculation,  the  reciprocal  of  the  protection  factor,  called  the  "reduction 
factor",  la  uaad,  Reduction  factors,  expressed  aa  decimals,  can  be  added 
when  combining  the  effecta  of  fallout  on  the  roof  over  the  area  of  Interest 
(roof  contribution)  end  fallout  on  the  ground  surrounding  thla  area  (ground 
contribution).  For  example,  the  roof  contribution  on  the  operating  floor  of 
a  filter  building  in  Figure  19  may  be  0,013  and  the  ground  contribution  at 
thla  point  0,01,  The  aum  of  theae,  0,023,  would  be  the  total  reduction  fac¬ 
tor,  and  the  protection  factor  would  be  the  reciprocal  of  0.023,  or  40.  In 
the  pipe  gallery,  the  greater  mass  thickness  of  reinforced  concrete  walla, 
operating  floor,  filter  aand  and  water  may  improve  the  total  reduction 
factor  to  0.0003,  a  protection  factor  of  2,000. 

In  Its  passage  through  the  atmosphere,  gamma  radiation,  like  thermal 
radiation,  la  scattered  by  particles  prasent  In  the  air,  Even  though  moat 
of  the  radiation  will  be  received  along  a  direct  "line  of  eight"  from  the 
source,  acetterlng  will  cause  a  certain  portion  to  arrive  from  oblique 
directions,  Consequently,  some  shielding  must  be  provided  on  ell  sides  of 
sn  Individual  In  ordsr  to  furnish  adequata  protsetion, 

Distance  Protsction 

In  addition  to  tha  attanuation  affordad  by  diract  ahlaldlng,  gamma  raya  di 
mlnlah  with  lncraasad  diatanca  from  tha  radiation  sourcs,  For  a  uniformly 
dlstrlbutad  sourca,  such  as  a  fallout  field,  tha  araa  nearast  tha  racalvar 
contrlbutaa  tha  most  radiation,  For  axampla,  the  attenuation  at  3  fast  abova 
tha  cantar  of  a  dacontaminated  circle  with  30-foot  radius  la  about  0,48, 
Howsvar,  to  obtain  furthar  significant  attanuation,  tha  radius  of  tha  claaned 
or  dacontamlnatad  surfaca  muat  ba  lncraasad  marksdly,  If,  In  ordar  to  utlllsa 
a  facility  In  a  contaminated  araa,  It  is  naceasary  to  raduca  the  radiation 
doss  rats  to  ona-tanth  tha  original  intensity,  an  area  600  fast  in  radius 
around  tha  facility  muat  ba  cleared, 
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Figure  19.  —  SHIELDING  AT  TWO  LOCATIONS  IN  FILTER  BUILDING 
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Radiological  Monitoring 

An  Important  part  of  tha  program  of  protecting  personnel  from  radiation 
haKarda  la  tha  proviaion  of  adaquata  monitoring  facilities,  tralnad  paraonnal 
and  taatad  procadurua,  Paraonnal  muat  ba  aware  of  the  extant  and  location 
of  auch  hasarda  and  have  tha  knowledge  to  minimise  tha  danger, 

Tralnad  monltora  will  ba  required  to  furniah  data  on  radiation  doaa 
rataa  aaaantial  for  tha  aaaaaamant  of  fallout  hasarda,  Waterworka  ahould 
have  radiological  detection  lnatrumanta  and  two  or  more  paraonnal  with  moni¬ 
toring  capabllltiaa  aaalgnad  to  each  of  lta  mtjor  production  and  diatrlbutlon 
facllltlaa  which  could  function  aa  an  emergency  fallout  ahaltar, 

During  tha  early  poatattack  period,  radiological  Information  needed  by 
shelter  occupants  will  require  monitoring  of  areas  in  the  shelter  to  locate 
the  bast  shielded  areaa  for  use  when  dose  rates  are  high.  When  doae  rates 
have  decreased  to  the  extent  that  limited  outside  activities  can  be  performed, 
monltora  will  support  emergency  recovery  operations,  Poatattack  operations 
will  require  meaeurement  of  doaa  rates  In  tha  shelter  as  well  aa  estimation 
of  permissible  stay-time  outside  the  shelter.  Radiation  exposure  records 
should  be  kept  on  all  water  system  personnel. 

There  Is  a  continuing  need  for  monitoring  through  the  period  of  gradual 
relaxation  of  sheltered  living  even  after  gamma  radiation  no  longor  seriously 
restricts  unsheltered  living.  During  the  recovery  period,  tha  need  for  fre¬ 
quent  reports  of  monitored  data  becomes  less  urgent  but  tha  requirement  for 
monitoring  of  specific  areas  and  facilities,  in  aupport  of  large-acale  decon¬ 
tamination  operations  increases.  Monitoring  Is  required  until  all  radiation 
hasarda  are  determined  to  be  insignificant, 

The  Handbook  for  Radiological  Monitors  provides  basic  information  tha 
monitor  must  have  to  carry  out  his  duties  of  detection,  measurement,  and  re¬ 
porting  of  radiation,  While  it  is  primarily  intended  for  use  as  an  operations 
manual  in  conducting  radiological  monitoring,  it  is  also  useful  as  a  student 
manual  in  monitor  training,  Zt  may  ba  obtained  through  your  local  civil 
defense  organisation  by  citing  the  title  and  the  Federal  Civil  Defense  Guide 
number  FG-E-3,9, 

Control  of  Exposure 


Monitors  are  responsible  for  limiting  the  exposure  and  maintaining  the 
personal  radiation  exposure  records  for  themselves  and  all  emergency  opeta- 
tlone  personnel  at  their  station.  Radiation  exposures  are  likely  to  lack  a 
uniform  pattern,  After  a  period  of  low  exposure,  an  operational  mission  may 
require  a  high  exposure.  This  may  ba  followed  by  several  days  of  relatively 
low  exposure  before  tha  situation  requires  an  additional  high  exposure,  The 
only  reliable  method  of  keeping  track  of  variable  exposures  is  through  tha 
use  of  personal  dosimeters  and  the  keeping  of  complete  exposure  records, 
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All  bul  the  moat  Important  watur  ayatom  and  aurvlval  operation*  ahould 
be  poatpuned  aa  long  aa  practical  to  take  advantage  of  the  decay  of  fallout. 

In  carrying  out  high  priority  taaka  expoaure*  ahould,  where  practicable,  be 
more  or  leaa  dlatribuled  among  operationa  peraonnel. 

Nomograma  aa  ahown  in  Figure*  14  and  13  baaed  on  theoretical  fallout 
radiation  decay  characteriatlca,  may  ba  uaad  for  rough  eatimatea  of  future 
doae  rataa  and  radiation  expoauraa  that  might  be  expected  in  performing 
neceaaary  taaka  outalde  the  aheiter,  However,  when  fallout  from  eeveral 
nuclear  wcapona  detonated  more  than  24  houra  apart  la  depoalted  in  an  area, 
the  decay  rate  may  differ  markedly  from  the  aeaumed  decay  rate.  Calculation 
of  future  doae  ratea  muat  not  be  made  until  doae  rataa  have  been  decreaalng 
for  at  leaat  2-3  houra,  end  forecaata  ahould  be  made  for  perioda  no  further 
in  the  future  than  the  length  of  time  the  radiation  lavela  have  been  obaerved 
to  decreaae, 

Mlaalona  muat  not  be  atarted  until  monitoring  indicate*  that  predicted 
condltlone  actually  prevail.  At  leaat  one  aurvey  r.ieter  and  one  or  more 
doalmeter  will  be  carried  by  the  mleaion  crew  and  theie  will  be  read  periodi¬ 
cally  to  aaaure  limiting  the  doae  to  the  eatabllahed  value.  Generally,  out- 
aide  mlaalona  ahould  be  ahort,  not  to  exceed  three  houra. 

The  "Doae  Rate"  and  "Entry  Time  -  Stay  Time  -  Total  Doae"  nomograma 
ahown  on  Figure*  14  and  15  reepeetlveiy  ere  especially  uaaful  for  finding 
the  doae  rate  and  earliaat  entry  time  into  an  area  to  perform  a  job  requiring 
a  known  atay  time.  Their  uae  will  permit  an  earlier  achedullng  of  the  mlaalon 
than  to  aaauma  that  the  outalde  radiation  doae  rata  ramalna  conatant.  (no 
decay)  from  the  time  of  entry  into  the  radiation  field  until  the  return  to 
aheiter.  Under  the  latter  aaeumption,  the  total  doae  equala  the  doae  rate  at 
time  cf  entry  multiplied  by  the  length  of  time  atayed  on  the  mlaalon,  If  the 
above  nomogram  la  not  available,  then  the  time  for  beginning  the  mlaalon 
ahould  be  delayed  until  the  entry  doae  rate,  r/hr,  outalde  aheiter  haa  de- 
creaaad  to  a  value  determined  by  Doae  (roentgen)  allowed  for  mlaalon 

Eatlmatad  Stay  Time  (houra)  tor  mlaalon 

The  guide  ahown  in  Tabla  V  may  be  uaaful  for  eatlmatlng  the  permiaaible 
activltlea  outalde  ahalter  when  the  doae  ratea  lnalde  and  outalde  of  the 
aheiter  are  known,  The  doae  rate  inaide  a  aheiter  can  be  eatlmatad,  uaing 
doae  rate  outalde  aheiter  and  protection  factor. 

Contamination  Control  lnalde  Shelter 

During  fallout  depoaltlon,  all  window*,  doora,  and  non-vltal  vanta  in 
aheltered  location*  ahould  be  doaed  to  minimise  the  contamination  entering 
the  aheiter,  Theae  and  other  protective  meaauree  auch  aa  covering  ahould  be 
applied  to  vehicle*  bacauae  the  radiation  doe*  rate,  while  in  a  vehicle  that 
haa  been  aheltered  during  the  time  of  fallout,  ia  only  one-half  of  the  doae 
rata  of  a  vehicle  that  haa  received  fallout  in  the  open, 


TABLE  V 


GUIDE  TO  PERMISSIBLE  ACTIVITIES 


Outside  done  rate  in  r/hr  Permissible  Activities 

at  (H+l)  it  (H+2  days ) 


Creator  than 

10,000 


1,000  to 
10,000 


200  to 

1,000 


50  to  200 


Greater  than 
100 

10  to 
100 

2  to  10 

0,5  to  2 


Outdoor  activity  of  more  than  a  few  mlnutca 
may  roault  in  aickneaa  or  death,  Occaalona 
which  might  call  for  outaldo  activity  are: 

(1)  risk  of  death  or  serious  injury  in  pre¬ 
sent  ahelter  from  fire,  collapse,  thirst, 
etc,,  and  (2)  present  shelter  is  greatly 
inadequate  and  bettor  shelter  is  known  to 
be  only  a  few  minutes  away, 

Tima  outaldo  of  shelter  should  be  hold  to 
few  minutes  and  limited  to  those  few  activities 
that  cannot  be  postponed, 

Periods  of  less  than  an  hour  per  day  of  out¬ 
door  activity  are  acceptable  for  the  moat 
essential  purposes.  Shelter  occupants  should 
rotate  outdoor  tasks  to  distribute  exposures, 

Outdoor  activity  (up  to  a  few  hours  per  day) 
is  acceptable  for  essential  purposoa  such  as: 
fire  fighting,  police  action,  rescue,  repair, 
securing  necessary  food,  water,  medicine  and 
blankets,  Important  communication,  disposal 
of  waste,  exorcise  and  obtaining  fresh  air, 

Eat,  sleep,  and  carry  on  all  other  activities 
in  tho  best  available  shelter. 


Less  than 

50 


Less  than 
0.5 


No  special  precautions  are  nerosaary  for  op¬ 
erational  activities,  Keep  fallout  from  con¬ 
taminating  people.  Sleep  in  tho  shelter, 


Less  than  Loss  than  Resume  normal  activities,  Continue  recovery 
1  0,001  and  decontamination  operations, 

NOTE: 

1.  This  table  is  based  on  a  shelter  protection  factor  of  200  to  keep  A  day 
total  exposure  dose  received  to  200  roentgens  or  less, 

2.  Tho  time  outside  eholtor  is  based  on  accumulated  doso  inside  shelter  plus 
dose  to  be  received  outside  shelter  calculated  from  Figures  12  to  15  or  by 
the  formula  Dose  (roontgen)  allowed  for  mission  "  Entry  Dose  rate  (r/hr)  x 
Estimated  Stay  Time  (hour)  for  mission.  Total  accumulated  doso  recolved  outside 
and  inside  sholtor  of  200  roentgens  should  not  be  exceeded  without  caroful 
consideration. 
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Bo  fore  entering  the  shelter  area  persons  urriving  at  a  shelter  should 
n tamp  their  feet  and  shake  tln*ir  clothing  to  remove  contamination. 

Contaminated  portiona  of  the  akin  and  hair  may  be  washed,  brushed,  or 
wiped  thoroughly,  but  do  not  Injure  the  skin.  If  the  civil  defense  radio- 
logical  instrument  CD  V-700  can  be  used  then  the  radiation  field  is  incon¬ 
sequential  in  the  shelter, 

Contamination  Control  Outside  Shelter 

Clothing  will  not  protect  personnel  from  gamma  radiation  but  will  pravant 
most  airborne  contamination  from  depositing  on  the  skin,  and  thereby  reduce 
the  need  for  extensive  washing  or  scrubbing  of  the  body  for  prevention  of 
beta  burns,  Most  closely  woven  clothing  is  satisfactory  when  the  emergency 
operators  are  Instructed  to: 

1,  Wear  adequate  clothing  and  cover  as  much  of  the  body  as  practicable, 
Wear  boots  or  rubber  galoshes,  if  available.  Tie  pant  cuffs  over  them  to 
avoid  possible  contamination  of  feet  and  ankles, 

2,  Avoid  highly  contaminated  areas  whenever  possible,  Puddles  and  very 
dusty  areas  where  contamination  is  more  probable  should  also  be  avoided, 

Food  and  Water 

Food  and  water  should  be  protected  from  fallout  as  far  as  is  practicable. 
If  it  is  suspected  that  unopened  food  containers  are  contaminated,  they  should 
be  washed  or  brushed  prior  to  opening  and  removal  of  the  contents,  Food 
properly  removed  from  such  containers  will  be  safe  for  consumption. 

Water  in  covered  containers  and  underground  sources  will  be  safe.  Before 
the  arrival  of  fallout,  open  supplies  of  water  such  as  cisterns,  open  wells, 
etc,  should  be  covered,  No  food  and  water  suspected  of  contamination  should 
be  destroyed  or  thrown  away, 

Do  not  discard  contaminated  food  or  water,  Zt  should  be  decontaminated 
and  rechecked,  or  placed  in  storage  and  rschecked  at  a  later  date  for  possible 
consumption  after  the  contamination  has  decreased  through  radioactive  decay, 
Foods  such  as  fruits  and  vegetables  could  be  decontaminated  by  washing, 
brushing,  or  peeling.  Water  which  is  heavily  contaminated  might  be  improved 
by  filtering,  or  by  allowing  any  particles  to  settle  out.  If  only  contaminated 
food  or  water  is  available,  the  monitor  should  recommend  that  supplies  with  the 
smallest  amount  of  contamination  be  used  first, 

~  BUILDING  PROTECTIVE  CONSTRUCTION 

f  Reduction  of  Fallout  Deposition  and  Retention 

i 

f  The  protection  which  a  facility  affords  can  be  improved  by  making  it 

I  more  difficult  for  fallout  material  to  be  deposited  and  to  remain  on  its 
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exterior  surfaces,  The  vulnerability  of  buildings  to  fallout  depend*  on  (a) 
general  orientation  of  exterior  surface*  which  determine  the  air  flow  pattern 
around  building  and  affect  the  druinage  and  woatharing  of  fallout  material 
from  surfaces;  and  (b)  the  detailed  aurface  conditiona  which  influence  re¬ 
tention  of  contaminant. 

Facilitation  of  Fallout  Removal 

Even  though  building!  and  water  facilitiea  are  designed  to  reduce  fall¬ 
out  retention,  n  certain  amount  will  be  depoaited  and  retained.  Such  depoaita 
of  contamination  muat  be  phyaically  removed  or  shielded  in  place.  The  prin¬ 
cipal  waya  to  rid  a  aurfeco  of  fallout  are: 

1,  Washing  fallout  depoaita  off  the  aurface*  and  into  guttera  and 
drainage  ayatema  with  firehoaaa  and  atraet  fluahera. 

2,  Picking  up  and  collecting  fallout  material  with  atreot  aweepora, 

3,  Burying  fallout  in  place  with  plowa  or  new  earth  fill, 

4,  Removing  aoll  contaminated  by  fallout  with  narthmovlng  equipment, 

If  water  ia  to  be  uaed  aa  the  decontaminating  media,  the  aurface*  ihould 
be  smooth  enough  to  dislodge  fallout  particles  readily,  and  the  slope  and 
cross-sectional  ahapa  of  drainage  channels  should  provide  a  high  velocity  flow 
for  efficient  transport  of  the  suspended  particles  to  storm  drains  or  sewers, 
An  adequate  slope  to  roofs  and  the  areas  next  to  buildings  is  an  Important 
feature  of  a  well-planned  drainage  system. 

Rainfall  is  capable  of  decontaminating  roofs  and  exterior  surfaces, 
However,  it  may  not  be  very  effective  unless  the  drainage  conditions  for 
removal  of  runoff  water  are  designed  with  this  in  mind. 

Planning  for  fallout  removal  must  Include  accessibility  and  services, 

If  flrehoslng  is  to  be  employed  for  decontaminating  roofs,  exterior  access  to 
the  building  roof  should  be  provided  along  with  built-in  headers  to  allow 
hose  connections  at  roof  level  so  as  to  eliminate  long  runs  of  hoses.  Opera¬ 
tion  of  motorised  flushing  equipment,  street  sweepers,  plows,  trucks,  and 
other  large  rigs  will  be  facilitated  by  advance  planning  of  spaclngs  between 
buildings,  service  poles,  hydrants,  fences  and  other  obstructions.  Sloping 
ramps  may  be  helpful  for  moving  heavy  equipment  to  different  operating  levels. 
In  all  cases,  paving  must  be  strong  enough  to  bear  rolling  stock, 

Although  a  number  of  effective  decontamination  methods  are  applicable, 
those  employing  water  are  generally  more  available.  For  this  reason,  in 
soma  areas  the  demands  on  the  water  supply  for  decontamination  may  rival 
those  experienced  when  fighting  fires.  Planning  for  an  emergency  network  of 
independent  water  systems  is  an  Important  protective  measure,  This  will  be 
discussed  in  Chapter  VII. 
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Many  now  water  facilities  cun  bo  mmlo  to  furnish  greater  fallout  pro¬ 
tection  by  the  timely  application  of  the  principle*  of  shielding  and  distance 
protection  discussed  in  previous  section,  Whon  those  principles  are  considered 
uiirly  in  the  planning  of  new  construction  the  degree  of  fallout  protection  may 
he  greatly  improved  at  minimal  Mddillenul  cost.  It  is  beyond  the  scope  of 
this  manual  to  present  a  detailed  guide  for  design  of  protective  structures, 

Fallout  Shelters  for  Water  Utilities 


Fallout  protection  should  he  provided  in  or  near  each  essential  water 
production,  treatment,  or  distribution  facility  requiring  full  time  or  even 
part  time  operators  for  control  and  maintenance  of  the  equipment.  The  normal 
travel  time  from  the  nearest  shelter  to  the  facility  should  not  be  excessive 
in  any  case,  At  pumping  plants  and  reservoirs,  the  underground  or  underwater 
structures  housing  pumps,  valves,  or  pressure  regulators  are  often  sufflciontl; 
shielded  by  concrete  walls,  earth  and/or  water  to  provide  a  good  protective 
shelter  for  utility  operators  and  their  families.  As  shown  in  Figure  19,  the 
underground  pipe  gallery  in  u  large  filter  building  will  provldo  a  spacious 
■holter  with  a  high  protection  factor,  Even  in  small  filter  plants  certain 
locations  may  make  excellent  shelter  areas.  Shelters  should  be  specifically 
planned  for  new  structures, 

Careful  analysis  of  the  barrier  shielding  effect  of  filter  beds,  water, 
concrete  walls,  and  metals  in  valves,  pipes,  etc,  will  enablo  utility  manage¬ 
ment  to  predetermine  the  boat  locations  for  total  shielding  from  exterior 
radiation,  A  minimum  protection  factor  of  100  is  desirable  for  any  structure 
intended  to  ho  occupied  as  a  fallout  shelter,  and  shelter  facilities  near 
critical  target  areas  should  have  higher  protection  factors,  Underground  or 
underwater  structures  with  a  complete  envelope  of  shielding  equivalent  to 
more  than  3  feet  of  earth  will  have  a  protection  factor  of  about  2,000,  In 
making  this  analysis,  the  presence  of  openings  in  walls  oi  poorly  shleldsd 
components  must  not  be  ignored  because  the  net  protection  factor  can  ba  de¬ 
creased  greatly  by  the  presence  of  voids  which  will  leak  excessive  amount! 
of  Incident  gamma  radiation, 

Tha  "core"  concept  in  shelter  design  may  be  useful  for  reducing  the  cost 
of  fallout  protection  in  new  or  existing  utility  structures,  The  "core" 
shelter  is  a  relatively  small  area  with  a  high  protection  factor,  surrounded 
by  a  larger  area  that  has  a  lower  protection  factor.  During  the  critical 
period  when  outside  radiation  dose  rates  are  high,  occupants  would  remain  in 
the  "core"  shelter,  with  minimum  space  and  ventilation.  Later,  when  fallout 
decay  lowers  the  outside  dose  rate,  the  larger  shelter  area,  with  better 
living  conditions,  could  be  used. 

Human  Needs  in  Shelter 


The  minimal  spaca  and  equipment  requirements  for  a  shelter  must  necess 
arlly  be  based  on  austerity  or  "survival"  limits  that  the  ahelter  occupants 


can  endure  for  a  period  of  aevernl  day*  to  two  wo  ok*  <  For  doaign  purpoaea, 
a**umo  2-4  day*  of  contlmiou*  occupancy  In  maximum  »hioldod  or  "core"  area, 
thon  2  week*  until  day-long  freedom  i*  poaalble,  Then  tho  following  criteria 
may  bo  uaedj 

1,  CroM*  floor  area  of  15  *q  ft  pur  occupant  include*  auch  it«m«  a* 
column*,  fixed  equipment,  anil  Htorage  apace  for  a  he  1  ter  auppliu*,  Tho  mini¬ 
mum  net  floor  ar«a  allowance  par  puraon  ia  10  aq  ft  except  when  ualng  the 
core  ahelter  principle.  In  that  caae ,  the  net  area  may  be  reduced  to  8  aq  ft 
per  peraon  for  ahort-term  occupancy.  Table  VI  1*  given  to  aid  in  plunning 
optimum  uao  of  ahelter. 


TABLE  VI 

FACTORS  FOR  SHELTER  CAPACITY  PLANNING 


Activity 

Fluor  Space 
Required 

Remarka 

Sleeping  in  cot* 

30  aq  ft 

Slooping  in  double  bunka 

15 

Includea  alale  apace 

Sleeping  in  triple  bunka 

10 

Sitting 

8 

Includea  aiale  apace 

Walking 

Uae  alale  apace 

Storage 

2 

Includea  apace  for 
food,  bunka,  etc, 

Fixed  equipment 

Aa  required 

2,  The  ceiling  height  ahould  be  7  ft  for  walking  area*;  9  ft  for  tiered 
bunk  aleeping;  5  ft  for  aeated  adult;  and  4  ft  for  crawl  in, 

3,  Ventilation  equivalent  to  3  cfm  of  freah  air  per  peraon  ia  required 
to  control  the  carbon  dioxide  concentration  below  3  percent  by  volume. 

Oxygen  aupply  ia  generally  not  a  critical  factor  when  the  carbon  dioxide 
concentration  ia  controlled,  A  combination  of  high  temperature  and  high 
humidity  may  be  haaardoua,  and  more  freah  air  may  be  needed  to  keep  the 
effective  temperature  below  85*F,  If  no  mechanical  ventilation  la  available, 
a  net  volume  of  500  cu  ft  per  peraon  may  be  uaed  for  eatimating  ahelter 
capacity,  If  equipment  la  available  for  mechanical  ventilation  at  rate*  of 
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li'NN  than  )  cfm  of  freah  air  per  peraon,  with  occupancy  eatlnuitoU  on  the 
haala  of  floor  area,  l ho  not  volumo  of  apaco  roquirod  per  portion  may  be  dtt- 
torminod  from  Table  VII, 


TABLE  VII 

RELATION  OF  SPACE  REQUIREMENTS  TO  VENTILATION 


Rate  of  air  change 
(minutea)^ 

Volume  of  Space 
required  par 
paraon 

cu  ft 

1 ,000+ 

300 

600 

430 

A00 

400 

200 

300 

100 

200 

60 

130 

33 

100 

22 

63 

l,  Computed  aa  the  ratio .Ff.1  V0^"1*  i/.  ??!!.  lcij  Jt) 

Freah  air  aupply  (cfm) 


A,  A  atandby  engine-genarator  act  ahould  ba  available  in  water  utility 
aheltera  to  provide  electric  power  for  lighta  (3  foot-candlea) ,  fana  or 
ventilation  equipment,  etc.  The  capacity  may  range  from  one  to  tan  kilowatta 
per  100  occupanta  depending  on  the  actual  lead, 

3,  Shaltera  ahould  ba  atockad  with  food,  emergency  drinking  water, 
communication  aquipmanta,  radiological  monitoring  lnetrumenta,  firat  aid 
auppllaa,  blankata,  and  firat  aid,  medical  and  aanltatlon  handbooka,  Storage 
of  food  providing  about  800-1,000  calorlaa  par  day  par  paraon  will  taka  two 
cu  ft  par  paraon  for  two  waeka,  or  onli  cu  ft  if  dry  ratione  are  atorad, 

Sevan  gellona  of  water  par  paraon  per  two  weaka  ahould  ba  atorad  in  cloaed 
contalnara  to  keep  it  duat  free,  Covered  roof  tanka,  aarvica  maina,  walla, 
and  hot  water  tanka  will  normally  keep  water  aafa  to  drink  in  an  emergency. 
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6 ,  .Sanitation  roquiromonts  for  larn«  i'.roup  shelters  Include  one  flush 
type  or  chomlcal  toilet  per  70  occupanta  plua  normal  fucllltlea  available  In 
other  parta  of  the  building 

An  Important  aapact  of  aheltar  operation  relatea  to  the  pollclea  con¬ 
cerning  use  of  the  facility  by  the  water  ayatem  oporntlon  and  maintenance 
crews  and  their  families.  When  a  major  disaster  strikes,  there  Is  a  strong 
tendency  for  men  to  look  to  the  safety  of  their  families  first,  and  to  their 
job  and  community  responsibilities  second.  To  focus  these  loyalties  to  a 
common  end,  a  number  of  water  supply  systems,  and  other  utilities,  are  adopt¬ 
ing  a  policy  of  Inviting  the  families  of  operating  personnel  to  ehare  shelter 
space  at  or  adjacent  to  the  critical  facilities  which  must,  at  any  cost,  be 
continued  In  service  during  an  emergency.  Details  concerning  the  responsi¬ 
bilities  of  employer  and  employee  for  stocking  emergency  food  and  other  sup¬ 
plies  may  vary  considerably,  but  this  policy  would  seem  to  afford  the  greatest 
assurance  of  having  experienced  crews  available  for  postattack  recovery  and 
operation  of  the  water  system. 


TrE  i  a*j  i  tttf  U 


Although  personnel  protection  from  a  nuclear  burst  is  largely  considered 
in  terms  of  fallout  shelter  rather  than  blast  or  thermal  radiation  shelters, 
the  latter  types  of  protection  should  not  be  Ignored,  All  reasonable  measures 
should  be  taken  to  make  the  fallout  shelter  as  resistant  to  blast  and  thermal 
radiation  as  possible, 


Injury  to  individuals  both  inside  and  outside  a  structure  may  occur 
because  of  the  blast  damage  to  that  structure,  Persons  in  the  interior  of 
the  building  can  be  Injured  and  trapped  by  collapse  and  flra,  and  those 
outside  can  be  hurt  by  flying  debris,  Therefore,  an  Important  aspect  of 
protection  is  an  understanding  of  the  relative  ability  of  different  structures 
to  withstand  damage  from  nuclear  weapon  blast,  For  office-type  and  residential 
buildings,  the  extent  of  destruction  is  mainly  dependant  on  peak  overpressure, 
and  an  approximate  correlation  between  the  overpressure  and  the  expected 
physical  damage  is  given  in  Figure  6,  Chapter  XI. 

Even  though  it  is  impractical  to  construct  aboveground  conventional 
buildings  that  will  resist  overpressure  greater  than  25  psl,  the  blast 
resistance  of  any  structure  can  be  Increased  somewhat  without  adding  seriously 
to  its  cost.  Sturdy  connections  between  beams  and  columns,  such  as  are  commonly 
used  in  earthquake-resistant  design,  and  tha  extensive  use  of  bracing  will 
generally  Increase  the  strength  of  the  structure,  Walls  of  reinforced  con¬ 
crete,  which  also  contain  the  frame,  will  give  a  structure  of  maximum  blast 
resistance, 

Issentlel  features  of  blast-resistant  shelters  are  structural  strength 
to  resist  blast  loads  to  tha  selected  overpressure  level,  an  access  door  of 
corresponding  strength,  a  protected  ventilation  systsm  to  permit  occupancy 
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of  the  shelter  until  fires  have  subsided,  ami  adequate  nuclear  radiation 
shielding  Additional  data  on  blast-resistant  atructural  design  ia  avail¬ 
able  in  references  (0)  .tnd  (7), 

Wharu  a  blnat-realatunt  ahcltor  la  not  available,  protection  ahould  ba 
■ought  in  the  strongest  building  that  la  accessible,  Above  ground,  the 
■afeat  locationa  are  generally  near,  but  not  agulnat,  walla  and  away  from 
doora  and  wlndowa.  Even  if  there  le  no  prior  warning  of  a  nuclear  attack 
and  the  firat  indication  la  the  flnah  of  light,  there  may  still  be  time  to 
take  aome  protective  action  aguinat  the  effecta  of  bleat  alnce  the  bleat 
wave  travela  at  about  the  apeed  of  Bound, 

Thermal  Radiation  Protection 

The  direct  effecta  of  thermal  radiation  from  a  nuclear  explosion  on 
human  belnga  are  akin  burna,  "flaah  burna"  and  permanent  or  temporary  eye 
damage,  The  thermal  radiation  la  received  in  two  pulaea;  therefore,  if  an 
individual  la  caught  in  the  open  or  la  near  a  window  at  the  time  of  a  nuclear 
exploalon,  evaaiva  action  to  minimise  flaah  burn  injury  ahould  be  taken  before 
the  maximum  in  the  aecond  pulae.  Unlike  the  alower  moving  bleat  wave,  the 
•econd  thermal  maximum  arrivea  in  leas  than  one  to  about  three  aeconda  after 
the  firat  pulae  depending  on  the  sl/.e  of  the  weapon.  Evaaiva  action  must  be 

fii t ,  hut  ltw  nniflui  oh 1  ac t  infca  fpond  ha  tmin  thi  f  ifibll  1  And  IXPQIld  ale  in 

tSI  V  |  lf\l  V  wtiT  vUNeUV  WUj  Vs  •  CIHVi  UVIVM  IIS  eweeil  w  ttw  vwna  v  m  ee  |rw  m  v 

will  give  aome  protection, 

Thermal  radiation  la  expected  to  atart  flrea  at  conalderable  dlatancea 
beyond  the  bleat-damaged  area,  Appropriate  fire  control  action  may  bo 
directed  along  thoae  linesi  ' *0  reduction  of  potential  ignition  polnte, 

(b)  ahlaldlng  of  flammable  m  i  (c)  provlaion  for  rapid  extinction  of 

ignitions  to  prevent  forma*  i  i.u>r  and  (d)  prevention  of  fire 

•pread  by  dlaperaal  of  but1* <  ' >  • . ■  ><:  i 

Waterworke  Cona<  ’  :  >•  ‘.m  m 


Cor  !  * i-  -  >■/  •  |  *  in  i  ‘i  *  I  ■  >  ■  i  I 'i  i"'.  i-  hi  •  ■  p  1 .1*  -  i  it  >•-  >  «i< 

t  ion  r'H  •  1  i  •■’v'i  i  *'  •*  *  ■  1  i>  i  -  ■'  '  !  1  i  cm  n  nil  ciju i  |h.h"  '  :  i<  I  •  t 

appr  :  ‘I  ■  <•••  'Hi  n>-  ii.ci'si 

Fot  pi  >*  •  1  'mi  ,t  -  •  ii-  » I  id'l  i  m  (  I  mi ,  t  I  iiiiiiiii.h  i  i,t  l  mi  ui'i1!  '  • 

bo  shielded  by  W'*» *  «•  {»•*  1  m  ,  m.  tu*,,  *  *  i  .  W-“ ••ivorki-i  mi  iici  nn'N 

great  extent  fire-regiai .mi ,  h  ov ■  simul i.**  nun!  im  ri  n<  <.  m 
measures  and  for  dlaperalon  "*•'  m***-«*  >•  s *'«' <* *  •  -u* 

ment  ahould  bo  housed  in  fire-resist*,:*  ! 1  ,  nit-  1  •-<  »* 

reaiatent  materials,  located  in  low  fire  ria»»  -<< •  p*  ■ 

for  fire  suppression.  In  surface  water  supplies,  oruui,  m.-i  ini.-.-.i 
result  in  waterahed  runoff  containing  Increased  amounts  ot  ,u*.n 
and  possibly  toxic  materials  from  burned  plants  on  the  waterahed  ai*,:( 
such  cases,  provision  should  be  made  to  hold  water  in  impoundment  storage  ui 
solids  to  settle}  minimise  surface  flow  into  Intake  Impoundment  by  manipula¬ 
tion  of  upstream  chock  dams;  by-paaa  water  containing  debris;  treat  water  to 
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flocculate  and  aottlu  auapundod  material;  uau  auxiliary  treatment;  aalact 
level  from  which  water  la  withdrawn  to  deliver  water  of  better  quality;  or 
uao  alternate  aourcu,  Ground  water  aourcea  will  normally  not  be  affected 
by  thermal  radiation, 

For  protection  againat  blaat  and  ahock,  available  protective  moaauraa 
for  atructurea  can  include  providing  greater  etructural  atrength;  ahialdlng 
by  burial,  mounding,  etc,;  abandoning  or  by-paaalng  unite;  and  anchoring 
parta  that  may  react  aa  mlaallea,  Equipment  can  be  ahlelded  in  ahock  re- 
alatant  atructurea,  anchored,  and  the  atructural  atrength  of  the  weakaat 
componenta  lncreaaad,  In  aurface  water  auppllea,  provlalon  can  be  made  to 
uae  an  alternate  Intake  or  alternate  aupply;  by-paaa  water  containing  exceaa 
amounta  of  material;  uae  emergency  improviaod  water  treatment;  or  uae  other 
meaaurea  aa  given  under  thermal  radiation  above  which  are  appropriate,  For 
ground  water  aourcea,  protection  of  the  above  ground  facilltlea  are  of 
eapeclal  Importance.  Emergency  portable  power  and  pumping  unite  can  be  in¬ 
valuable,  Provlalon  ahould  be  made  for  water  analyaia  after  attack  and 
treatment  with  portable  unite  if  neceeeary.  Wall  caalnge  ahould  be  extended 
above  flood  levela  that  may  occur  aa  a  reault  of  warfare, 
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CHAPTER  V 


POSTATTACK  ASSESSMENT  OF  PLANT  OPERATION 


INTRODUCTION 


Following  a  nuclear  attack,  one  of  the  flrit  dutlaa  of  utility  paraonnal 
will  bo  tho  aaooaamant  and  aval uat Ion  of  tho  condition  and  capability  of  tho 
aurvlving  fact  lit  in* ,  equipment  and  paraonnol.  At  the  aame  rime,  the  con¬ 
dition  of  the  aurvlving  community  muat  be  determined  aa  it  la  the  noada  of 
the  aurvlving  community  that  are  of  prime  importance*  Tho  aaaoaament  will 
begin  with  information  received  in  shelters  using  the  available  communica¬ 
tion  facilities.  It  will  be  extended  by  reconnaissance  outaido  the  aheltera 
aa  aoon  aa  it  haa  been  determined  that  the  radioactivity  is  at  a  sufficiently 
low  level  to  permit  one  to  leave  the  protection  of  the  ahelter* 

Part  of  the  aaaoaament  information  can  be  obtained  during  the  pre¬ 
attack  alert*  During  this  period  Information  can  be  IrihsmtEled  to  the 
utility  control  cenlor  not  only  on  assessment  of  supplies,  materials  and 
personnel  in  each  mobilisation  area  or  shelter,  but  on  the  pre-attack  opera¬ 
tions  that  have  been  accomplished  since  the  alert  was  given*  These  are  the 
operations  that  have  bean  determined  as  necessary  by  advance  planning. 

In  many  areas  it  is  probable  that  a  time  lag  will  occur  between  the 
immediate  effects  of  tho  burst  and  fallout  deposition*  Actions  can  and  should 
be  taken  during  this  time  (30  minutes  to  several  hours)  before  the  shelters 
are  entered  to  Improve  the  postattack  situation,  l*o.  putting  out  fires, 
consolidating  personnel,  closing  critical  valves,  etc.  This  information,  too, 
can  be  reported  to  the  utility  control  center* 

The  results  of  the  assessment  will  be  used  by  waterworks  management  to 
determine  what  the  postattack  water  needs  are,  the  facilities  thet  can  be 
utilised  and  the  most  effective  way  to  resume  operation  in  the  available 
time.  The  operation  of  water  supply  systems  and  the  need  for  water  from  the 
systems  whloh  have  experienced  the  effects  of  nuclear  weapons  will  differ 
greatly  from  that  of  the  pre-attack  period* 

The  use  of  other  civil  defense  agencies  will  be  invaluable  in  locating 
water  needs,  sources  of  water  and  determining  condition  of  the  system.  The 
fire  control  personnel  will  know  what  the  needs  are  for  fire  suppression* 

The  decontamination  units  will  know  where  and  in  what  amounts  water  is 
needed  for  decontemlnation.  The  public  health  units  will  know  the  needs  for 
sanitary  use*  Other  civil  defense  units  will  know  the  areas  where  there  are 
survivors  that  will  need  water  when  their  lnshelter  supply  is  exhausted. 

The  water  utility  itself,  through  advance  inventorying  of  the  users  will 
know  the  water  users  that  are  considered  critical  in  time  of  disaster*  With 
this  information,  the  water  utility  can  direct  the  postattack  operation  and 
recovery  program  accordingly* 


The  general  purpose  of  thia  chapter  la  to  define  the  naturo  of  an 
emergency  resulting  from  a  nuclear  attack  and  Indicate  assessment  pro¬ 
cedures,  Information  is  provided  for  making  a  postattack  assessment  so  that 
functional  plans  leading  to  the  restoration  of  operation  can  be  made  and 
carried  out, 

GENERAL  DESCRIPTION  OF  POSTATTACK  CONDITIONS 

Following  a  nuclear  attack  all  or  portions  of  the  community  may  have 
structural  damage,  fires,  fallout  and/or  loss  of  power.  These  conditions 
may  be  present  in  varying  degrees,  depending  on  the  factors  that  have  al¬ 
ready  been  discussed  in  previous  chapters* 

Some  areas  will  experience  structural  damage  from  blast  and  thermal 
radiation  and  also  radioactive  fallout.  All  or  portions  of  the  waterworks 
may  well  be  damaged  beyond  repair  and  only  thoso  personnel  who  have  extremely 
good  sheltering  will  survive.  In  these  areas,  because  of  blast  and  shock 
damage  as  wall  as  physical  injury  and  loss  of  waterworks  personnel,  the 
application  of  countermeasures  in  recovery  of  water  supply  will  require 
greater  effort  and  taka  a  longer  time  to  accomplish.  Some  portions  of  the 
system  will  bo  Incapable  of  performing  their  functions  and  may  have  ruptured 
or  leaked  so  that  the  water  stored  in  the  system  will  have  been  lost.  If 
critical  valves  ara  shut  off  in  time,  much  of  the  critically  needed  water 
may  remain  in  the  system,  The  surviving  personnel  will  have  to  remain  in  the 
shelters  for  a  period  of  time  during  which  the  waterworks  facilities  must 
go  unmanned,  Automation  may  be  of  great  valua  in  keeping  the  system  function¬ 
ing,  In  soma  systems  the  lack  of  power  will  result  quickly  in  an  inability 
to  supply  water.  The  postattack  assessment  in  areas  such  as  this  will  bo 
much  more  difficult.  The  effectiveness  of  the  assessment  will  be  affected 
by  the  level  of  radioactivity  in  the  environment,  tho  status  of  the  com¬ 
munication  system,  the  amount  of  debris  in  tho  streets,  the  fire  hasard  and 
the  condition  and  numbers  of  personnel  remaining  after  the  attack. 

Other  areas  may  receive  only  early  radioactive  fallout  which  not  only 
presents  a  hasard  to  Inadequately  sheltered  personnel,  but  can  result  in 
contamination  of  exposed  waters  and  structures.  The  radioactivity  in  the 
environment  will  present  a  serious  problem  in  early  reconnaissance  and 

assessment. 


Still  other  areas  will  receive  only  delayed  fallout  from  a  distant  blast 
and  he  otherwise  unaffected.  Here,  the  immediate  postattack  operations  of 
the  water  utility  will  be  no  different  from  normal  operations,  Later,  when 
recovery  is  being  initiated,  personnel  from  these  areas  can  render  assist¬ 
ance  and  may  supply  water  for  survivors  to  other  areas. 


ECONNAISSANCE  AND  ASSESSMENT 


Zn  tho  early  poatattack  assessment  tho  status  of  communications  la  all 
important,  The  utility  should  provide  for  a  prompt  accurate  flow  of  infor¬ 
mation  upon  which  to  baaa  decisions  following  an  attack,  Advance  planning 
should  provide  for  tho  use  of  government  reports,  aerial  monitoring  and 
damage  assessment,  weather  reports,  information  from  civil  defense  control 
center,  intercommunication  with  sheltered  waterworks  personnel,  information 
from  automatic  controls  and  electronic  sensing  equipment,  and  information 
from  waterworks  end  other  civil  defense  personnel  located  where  limited 
early  aasesament  is  possible, 

As  soon  as  the  radiation  intensity  is  low  enough  to  permit  leaving  tho 
shelter  for  short  periods,  probing  operations  should  bo  planned  to  supple¬ 
ment  tho  information  obtained  to  date  and  to  Improve  tho  assessment  of 
damage,  The  information  would  be  gained  during  a  short  period  sufficient  to 
permit  decisions  as  to  priority  needs  of  personnel,  equipment  and  material. 
The  weaknesses  found  in  tho  vulnerability  study  would  be  tho  first  place  to 
look  for  damage  in  this  phase, 


The  reconnaissance  and  aasosament  will  have  to  determine  where  water  is 
needed,  nrhorr  worfr  t*  needed  on  ths  utility  system,  the  urgency  of  doing 
such  work,  ths  hasards  Involved  in  getting  it  accomplished,  the  time  needed 
to  do  it,  etc,  As  an  Important  part  of  the  assessment,  procedures  should  be 
established  for  determining  the  poatattack  availability  of  waterworks 
personnel,  This  would  Involve  communication  and  the  use  of  personnel  records 
In  tho  assessment  operation,  procedures  are  needed  not  only  for  evaluating 
ths  capability  of  the  surviving  system  and  for  the  use  of  applicable  records 
but  for  recording  and  disseminating  assessment  and  evaluation  information  to 
the  staff  as  needed.  The  assessment  operation  should  provide  for  procedures 
for  estimating  the  manpower,  equipment  and  material  naads  to  recover  a  suf¬ 
ficient  system  to  provide  at  least  10  gallons  of  water  par  capita  per  day 
in  the  early  poatattack  recovery  period, 
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Information  on  the  radiological  condition  of  the  environment  can  be 
obtained  from  data  received  by  means  of  radio  communications,  fron  fixed 
station  radiological  monitoring  at  the  control  centers  and  other  shelters, 
or  from  monitoring  by  reconnaissance  of  field  crews.  Ths  shelters  may  be 
equipped  to  take  direct  readings  of  ths  radiological  level  of  the  air 
directly  outside. 

Radiological  evaluators  should  be  trained  by  the  water  utility  to 
advise  utility  command  personnel.  The  duties  of  these  radiological  personnel 
would  be  to  evaluate  the  available  radiological  information  taken  from  all 
posslbla  sources  and  then  to  plan  to  minimise  the  radiological  hasard  to 
surviving  personnel;  to  determine  when  the  shelters  can  be  left,  who  can 
leave,  and  for  how  long  a  period  of  time;  to  determine  the  level  of  radio¬ 
logical  risk;  and  to  advise  personnel  on  radiological  hasards.  Tha  knowladga 


of  th«  radiological  avaluatora  will  br  of  special  importance  In  the  im¬ 
mediate  poatattack  period,  At  this  time  they  would  assess  the  buildup  of 
fallout  and  predict  the  fallout  uaing  UF  wind  data.  They  would  than  plan 
appropriate  remedial  measures  for  the  protection  of  personnel  and  the 
utility  system. 

During  the  emergency  phase  when  shelters  can  be  left  for  only  a  vary 
short  period  of  time,  if  at  all,  tha  radiological  evaluators  will  maintain 
communications  with  all  available  sources  of  radiological  information.  Data 
plots  will  be  prepared  showing  radiation  levels  in  the  utility  and  neighbor¬ 
ing  areas,  A  continuing  check  will  be  maintained  on  personnel  dosage  records. 
Utility  personnel  will  be  appropriately  advised  if  better  shelters  are 
available  and  can  be  reached  without  receiving  excessive  radiation,  Whore 
early  fallout  has  occurred  and  personnel  are  required  to  leave  eheltars  for 
reconnaissance  or  to  perform  essential  work,  they  will  be  advised  on  using 
maximum  protection  against  exposure  or  contact  with  radioactive  materials, 

They  will  also  be  advised  on  the  posting  of  facilities  and  areas  which  are 
contaminated  with  warning  signs  on  all  xvanues  of  approach  so  that  recovery 
personnel  may  avoid  unnecessary  exposure, 

In  the  operational  recovery  phase,  radiological  evaluators  will  continue 
to  monitor  and  assess  the  environment.  Personnel  will  be  leaving  the  shelters 

for  longer  periods  of  time  and  the  remaining  stay  times  of  individuals  must - 

be  determined  so  that  no  one  person  will  receive  an  excessive  amount  of 
radiation.  The  radiological  evaluators  will  have  to  advise  on  which  facilities 
are  affected  by  the  radioactivity  and  which  are  not,  on  where  it  is  safe  to 
travel  and  whore  it  is  not  safe,  Xn  critical  areas  whera  there  is  significant 
contamination,  plans  must  be  prepared  to  decontaminate  and  to  cleanse.  The 
redlologlcsl  evaluators  will  oversee  this  operation,  They  will  also  adviss 
on  further  remedial  movement, 

Aasessina  the  Radioactivity  of  the  Water  Supply 

The  possible  contamination  by  radioactivity  of  tha  water  supply  will  be 
one  of  the  primary  concerns  following  a  nuclear  attack,  The  portable  survey 
meters  can  be  used  both  in  disaster  areas  snd  laboratories  to  determine  the 
levels  of  radiation  from  fallout  in  the  water, 


Indirect  methods  are  also  avallsbla  for  detecting  and  estimating  tha 
concentration  of  radioactivity  in  water  subjected  to  early  fallout.  These 
methods  are  not  as  accurate  as  direct  measurement  but  may  be  useful  under 
early  postattack  circumstances ,  Two  methods  for  relating  tha  fallout  radia¬ 
tion  Intensity  of  the  surrounding  land  area  to  the  concentration  of  radio¬ 
activity  in  waters  of  tha  reservoir  are  given  below, 

1,  The  radioactivity  dispersed  in  the  waters  of  an  open  reservoir  may 
be  estimated  from  the  fallout  radiation  intensity  on  surrounding  land  areas 
by  means  of  the  following  series  of  assumptions] 


a)  Th«  land  area  haa  a  shielding  factor  dua  to  surfaca 
Irragularltlaa  of  0,7. 

b)  Tha  datactlon  lnatrumant  raada  25  percent  low  bacauaa  of  its 
dlractlonal  raaponaa  and  ahlaldlng  by  tha  oparator. 

c)  Tha  gamma  ray  anargy  of  tha  fallout  la  0.6  million  alaetron 
volts  (Mav).  For  thla  anargy  tha  radiation  lntansity  thraa 
feat  abova  an  ldaal  plana  la  4.6  r/hr  for  a  fallout  danslty 
of  ona  magacurla  par  square  mlla. 

d)  Tha  fallout  la  uniformly  mlxad  throughout  tha  body  of  watar. 

By  appropriately  combining  tha  factors  Implied  In  tha  abova  assumption!  tha 
water  radioactivity  Is  given  by  tha  aquation. 

Radiation  lntansity  (r/hr  at 

. .  ...  3  ft  abova  surreundlnn  area) 

W.C..  Radioactivity  In  y.c/1  •  500  > 

2.  Assuming  that  fallout  particles  In  tha  watar  have  tha  same  light 
scattering  characteristics  and  the  same  specific  gravity  as  the  silica 
particles  used  In  standard  turbidity  suspension,  the  fallout  can  ba  measured 

as  an  Increase  In  turbidity.  Zb  b^  bootr  observed  bhot~  for  each  0,015  gm/ft*  _  - - 

of  fallout  deposition  from  a  land  surface  detonation  1  the  radiation  Inten¬ 
sity  Is  one  r/hr  at  H  4  1,  Then  by  using  the  assumptions  of  Method  1  above, 
the  radiation  Intensity  for  each  unit  of  turbidity  represent  about  1000  pc/1 
gross  radiation  activity  at  (H  +  1).  The  activity  at  later  times  would  bo 
determined  from  an  assumed  or  measured  decay  rata. 

Table  VZZZ  presents,  for  the  specified  assumptions,  tha  estimated 
quantities  of  turbidity  and  corresponding  radioactivity  for  various  fallout 
radiation  Intensities  at  (H  +  1)  when  there  Is  uniform  dispersion  throughout 
various  depths  of  water.  Table  VZZZ  also  provides  a  means,  in  tha  absence 
of  more  accurate  radioactivity  determination,  of  estimating  radioactivity 
In  watar  at  various  periods  after  tha  nuclear  detonation,  For  example,  If 
tha  radiation  Intensity  above  land  surface  at  H  4-  l  Is  3,000  r/hr  at  an 
average  water  depth  of  20  feet  and  a  turbidity  unit  of  7,5  after  H  4  24  the 
radioactivity  will  bo  150  pc/1  at  K  4  24,  75  pc/ 1  at  H  4  48,  45  pc/1  at 
H  4  72.  Therefore,  an  estimate  of  the  radioactivity  concentration  can  ba 
made  by  multiplying  the  turbidity  mecsuremant  at  1  day  by  20,  at  2  days  by 
10  and  at  3  days  by  6, 


1.  For  maximum  intensities  from  50  percent  fission  yield  megaton 
range  weapon. 
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-Assumption:  (I)  Fallout  of  0.015  grans/ ft z/r/hr  at  (H  +  j) 

(2)  That  901  of  the  Fallout  will  settle  within  24  hours 

(3)  That  the  remaining  101  is  uniformly  dispersed 

(4)  That  decay  follows  that  t~l-2  curve  and  is  the  only  factor  acting  to  reduce 
radioactivity  concentration 


The  Internal  Radiation  Hazard 

The  intornal  radiation  hazard  haa  bean  evaluated  and  the  reault  reported 
by  the  National  Academy  of  Scienco  -  National  Research  Council  ae  well  aa 
the  Department  of  Dofenae  -  Office  of  Civil  Defense,  In  general,  radiation 
from  aublethal  concentrationa  of  Internally  depoaited  radionuclides  act 
alowly,  and  ita  results  do  not  become  apparent  for  years.  Therefore,  the 
Internal  radiation  hazard  ia  not  among  the  forces  which  will  weaken  the 
population  and  reduce  its  immediate  ability  to  cope  with  a  radically  altered 
environment . 

Aaaeaalng  the  Phvalcal  Damage 

The  extent  of  physical  damage  to  the  water  utility  structures  and  equip¬ 
ment  will  also  have  to  be  investigated  and  assessed.  The  reconnaissance  will 
cover  the  intake  facilities,  treatment  works,  transmission  lines,  source 
facilities,  distribution  piping,  pumping  stations  and  storage  facilities. 

The  condition  of  these  facilities  and  their  operational  capability  will  have 
to  be  determined.  The  Integrity  of  the  distribution  system,  its  ability  to 
retain  the  water  supply  and  to  maintain  pressure,  and  the  level  of  pressure, 
will  be  an  Important  part  of  the  assessment.  The  extent  of  damage  to  the 
power  facilities  will  also  have  to  be  investigated.  Along  with  the  damage 
assessment,  determinations  would  have  to  ha  made  aa  to  tha  typo  and  amount 
of  repairs  necessary  to  put  the  system  back  into  operating  condition,  the 
amount  of  equipment  and  personnel  needed  to  do  this  and  tha  time  necessary 
to  accomplish  the  work. 

EFFECT8  OF  FALLOUT  ON  RESTORATION 


Exposure  Limits  for  Personnel 

Before  beginning  recovery  and  repair  actions  at  a  waterworks  facility, 
an  assessment  of  the  character  and  extent  of  the  radioactive  fallout  con¬ 
tamination  must  be  made  so  that  necessary  precautions  may  bo  taken  for  the 
protection  of  the  waterworks  personnel. 

To  minimise  exposure  to  radiation,  the  movement  of  personnel  from 
shelters  to  perform  essential  work  must  be  controlled.  Radiation  intensity, 
total  exposure  dose,  accumulated  dose,  and  dose  rate  must  be  thoroughly 
understood  and  respected  by  every  waterworks  employee.  Control  of  entry 
time,  time  of  stay,  shielding  and  distance  of  separation  from  fallout  material 
is  required. 

The  most  urgent  repairs  should  be  made  (after  necessary  minimal  de¬ 
contamination)  and  the  less  urgently  needed  repairs  should  be  deferred  for 
a  sufficient  time  for  the  radioactive  decay  to  reduce  the  hazard  in  the 
area.  If  the  job  would  result  in  overexposure  when  assigned  to  one  individual, 
the  additional  workmen  should  be  assigned  in  such  a  manner  that  none  of  them 
are  overexposed  and  lost  to  later  recovery  operations. 
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The  rink  in  permitting  any  given  individual  to  leave  the  ahelter  can  be 
determined  knowing  the  existing  accumulated  radiation  dose,  the  expected 
radiation  dose  outside  the  shelter,  and  the  radiation  doses  which  will  result 
in  varying  expected  degrees  of  Injury,  The  radiation  exposure  dose  which 
workmen  outside  shelters  will  receive  at  given  times  after  an  explosion  may 
be  estimated  using  the  curvos  or  nomograms  presented  in  Figures  12  and  13  or 
U  and  13  in  Chapter  111,  The  predicted  relationship  between  the  radiation 
dose  and  injury  is  given  in  Table  1  in  Chapter  II, 

Water  Needs  of  Community 

As  part  of  the  reconnaissance  and  assessment  the  water  utility  In  con¬ 
junction  with  other  civil  defense  agencies  must  locate  the  survivors  and  obtain 
some  idea  of  their  numbers  and  distribution  so  as  to  estimate  their  water  needs, 
The  need  for  water  muat  be  determined  not  only  for  the  sustenance  of  life, 
but  for  fire  suppression,  sanitation,  decontamination  and  the  basic  necessary 
industrial  and  commercial  processes,  Along  with  these  water  needs  it  must 
be  determined  whether  a  water  supply  of  sufficient  quality  and  quantity  is 
available  for  these  consumers  from  the  utility  system  or  whether  outside 
sources  of  supply  or  portable  treatment  facilities  are  needed.  If  the  utility 
water  supply  is  not  adequate,  then  reconnaissance  combined  with  information 
obtained  from  radio  communications  and  from  advance  planning  inventories 
should  assist  in  locating  satisfactory  auxiliary  supplies  and/or  portable 
treatment  works, 

Urgency  and  Priority  of  Action 

As  water  is  critically  essential  for  human  survival,  there  will  be  an 
urgent  need  for  it  following  a  nuclear  attack,  The  decision  to  act  to  restore 
a  water  facility  should  be  based  on  the  needs  for  the  restoration  of  the 
particular  facility  and  the  numbers  of  persons  who  would  benefit,  This  is 
the  concept  of  the  "greatest  good  for  the  greatest  number,"  Water  utility 
workera  should  not  be  exposed  to  significant  radiation  levels  unless  such 
action  la  essential  for  the  welfare  and  rehabilitation  of  the  community  or 
of  the  workers  themselves.  Limited  exposure  is  Justifiable  for  seourlng 
assantlal  supplies,  decontaminating  needed  facilities,  repairing  needed 
damaged  structures,  etc.  The  possible  effects  of  the  exposure  must  be  balanced 
against  the  benefit  that  would  be  gained. 
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CHAPTER  VI 


RECOVERY  OF  PLANT  OPERATION 


INTRODUCTION 

The*  objective  of  this  chapter  in  to  preaunt  method*  and  procedures  to 
be  used  during  a  poatattack  recovery  period  for  emergency  repair,  restoration 
and  operation  of  a  domestic  water  supply  system  that  has  experienced  the 
effects  of  nuclear  warfare.  Consideration  is  given  to  the  activation  of 
procedures  that  were  formulated  as  part  of  tho  utility's  advance  planning 
program  and  incorporated  in  the  disaster  plan  developed  by  the  utility  to 
minimise  the  effects  of  a  nuclear  attack  and  to  facilitate  recovery. 

RECOVERY  ORGANIZATION  AND  LIAISON 

Organisation 

One  of  the  first  steps  to  be  taken  by  the  water  utility  following  an 
attack  ia  the  activation  of  the  utility's  Civil  Defense  disaster  organisa¬ 
tion.  The  effectiveness  of  the  recovery  operation  will  be  reflected  to  a 
large  extent  by  the  adequacy  of  this  organisation  that  has  been  formed  during 
the  pre-attack  period  after  preparation  of  the  utility  dlsaater  plan.  The 
disaster  plan  ltaelf  la  developed  by  a  disaster  coordinator.  In  the  larger 
utilities  the  disaster  office  is  provided  with  a  staff  of  full-time  employees. 
This  office  will  normally  make  use  of  an  advisory  committee  of  personnel  from 
the  various  departments  of  the  utility. 

The  utility  disaster  organisation,  which  will  operate  during  recovery, 
will  consist  of  both  regular  and  auxiliary  emergency  waterworks  personnel. 
Channels  of  command  must  be  established  within  the  organisation,  The  chain 
of  command  and  auccesslon  should  be  established  for  all  command  posts,  con¬ 
trol  points,  and  assembly  areas,  For  the  key  positions,  alternates  with 
replacements  at  least  three  deep  should  be  designated.  Recovery  can  be  ex¬ 
pedited  in  some  systems  by  dividing  tho  system  into  self-sufficient  sones 
for  disaster  operation,  There  must  be  a  clear  designation  of  authority  and 
responsibility  within  the  organisation. 

Liaison  and  Mutual  Aid 

For  joint  proaecution  and  recovery,  cooperative  and  coordinated  poat¬ 
attack  operations  are  needed.  Liaison  with  other  Civil  Defense  units  will 
be  made  shortly  after  the  attack.  Mutual  aid  agreements  incorporated  in 
advance  plrnning  should  call  for  exchange  or  assignment  of  personnel,  macnlnary 
and  stocks  of  essential  materials  and  equipment  during  emergencies.  These 
agreements  are  made  with  Civil  Defonse  authorities  (community,  county  or  other 


Lor*  n*  a,  and  Federal  organisation* ,  and  the  military);  other  utili¬ 

ties  (water,  electric,  telephone  and  gaa) i  public  aervice  group*  (health, 
public  worka,  fire,  welfare,  tranaportatlon,  police,  communlcationa ,  and 
public  information);  and  other  interoated  agencies,  The  mutual  aid  agree¬ 
ment*  ahould  call  for  a  definition  of  and  an  aaaignmant  of  responsibilities. 
Of  apecial  importance  are  agreement*  for  the  uae  of  emergency  water  from 
interconnection*  with  adjacent  water  utllitlea  and  adjacent  induatrlal  or 
other  private  auxiliary  euppliea. 

Recorda 


Recovery  peraonnel  will  need  clear  and  informative  recorda  to  adequately 
pureue  their  reaponelbil it  lea ,  The  availability  of  auch  recorda  at  convenient, 
protected  location*  will  expedite  the  recovery  operation*.  The  uae  of  duplicate 
recorda  will  reault  in  a  greater  likelihood  of  their  being  available,  The 
recorde  ahould  cover  all  eaaential  data  including  dlaaatar  operation  procedure* 
and  organisation.  The  eaaential  recorda  on  tho  water  ayatem  would  include 
up-to-date  mapa,  engineering  plana,  operating  procedure*,  peraonnel  recorda, 
atock  Inventor!**,  conaumer  account*  and  legal  documents ,  Of  apecial  im¬ 
portance  are  information  on  potential  emergency  source*,  emergency  stock¬ 
piled  equipment  and  material* ,  and  the  location  and  maintenance  recorda  on 
valve*  and  gataa.  Records  pertaining  to  mutual  lid  will  be  needed,  Peraonnel 
recorda  ahould  be  kept  for  every  one  on  emergency  utility  and  auxiliary  ser¬ 
vice.  Recorde  of  radiation  exposure  are  of  apecial  importance  and  ahould  be 
maintained  throughout  the  recovery  period,  All  recorde  ahould  be  kept  up- 
to-date, 

OPERATIONAL  CENTERS 
Control  Locations 

Control  locations  are  established  within  the  utility  for  the  purpose  of 
organising  the  utility  poatattack  recovery  operation,  The  top  utility 
management  and  defenas  peraonnel  will  be  located  at  the  command  poet  ahslter 
and  will  provide  the  over-all  direction  of  the  recovery  operation.  Other 
control  points  will  receive  direction  from  the  utility  command  poet  and  they 
in  turn  will  give  direction  to  the  various  aaeembly  areas,  Thsae  centers 
will,  of  course,  be  shelter  areas.  In  the  smaller  utilities  the  command 
poet,  control  and  aeaembly  centers  may  all  be  at  one  location,  Pertinent 
Information  will  be  received  from  all  available  aourcea  and  radio  communica¬ 
tion  will  normally  be  used  between  the  centers,  Several  or  more  control 
points  may  be  designated  if  it  would  be  advantagsoua  for  the  diaaater  opera¬ 
tion  of  the  particular  utility,  If  the  water  ayatem  la  divided  into  self- 
sufficient  sonea,  each  sons  may  be  under  the  direction  of  one  of  the  control 
point  headquarters, 

Aeaembly  Areas 


Every  assembly  area  will  report  to  and  will  receive  instructions  and 
directions  from  control  points  regarding  their  specific  poatattack  recovery 


function,  Personnel  in  assembly  areas  will  ba  raaponalbla  for  local  post¬ 
attack  recovery  functiona.  Both  mobile  and  field  taak  forcea  are  organlaad 
to  carry  out  theae  functiona  aa  aoon  aa  radiological  condltiona  permit.  The 
field  taak  forcaa  will  normally  be  reatrlcted  to  working  in  a  particular  araa. 
The  mobile  taak  forcea  will  be  operating  at  much  greater  dlatancea  from  their 
headquartere  and  may  not  ba  confined  to  uae  in  one  aaaambly  araa  or  one  con¬ 
trol  location  area, 

The  recovery  taak  forcea  may  be  the  aame  aa  thoae  raaponalbla  for  recon¬ 
naissance  and  aaaaaament,  The  taak  forcaa  will  control  water  loaa  and  con- 
aerve  quality  water:  laolate  damaged  portlona  of  the  dlatrlbutlon  ayatam  and 
contaminated  facllltiaa;  activate  emergency  sources;  treat  water  atoraga  and 
dlatrlbutlon  facllltiaa:  raactivata  eaatly  recoverable  ayatam  facllltiaa 
having  high  priority  naeda:  and  do  lmprovlaad  operation  and  repair  work.  The 
taak  forcea  will  alao  Initiate  procadurea  that  have  been  prepared  for  supply¬ 
ing  survival  wator  to  consumers  from  the  community  ayatam,  by  hauling  In 
water,  or  by  evacuating  the  survivors  to  areas  having  water,  The  notifica¬ 
tion  of  location  and  quality  of  emergency  water  would  bo  made  public  through 
radios,  loudapoakera,  posters  or  other  methods, 

WATER  UTILITY  STRUCTURES 

Fire  Control 

Water  utility  structures  are  generally  not  built  of  highly  flammable 
materials  and  It  la  unlikely  that  vary  extensive  fire  damage  will  ba  caused 
by  thermal  radiation,  However,  some  Ignition  points  will  probably  ba  present 
and  care  should  ba  taken  to  extinguish  small  flraa  In  the  vicinity  of  the 
waterworks  facilities  that  may  result  In  serious  fire  damage.  In  places  where 
fires  may  atart,  water  connectlona  and  hoses  should  ba  made  available  close 
by,  In  aoma  araaa  the  uae  of  automatic  fire  sprinklers  might  ba  considered. 
Fire  control  will  have  high  priority  and  will  normally  be  done  In  close  co¬ 
operation  with  other  agonclea, 

Debris  Removal 

Radiological  monitoring  In  the  vicinity  of  the  debris  will  ba  a  necessity, 
Large  quantities  of  debrla  lying  In  the  streets  will  make  postattack  recovery 
operations  extremely  difficult  by  preventing  or  slowing  down  travel  to  criti¬ 
cal  locations,  Debris  may  alao  result  in  radiological  or  other  contamination 
of  raw  or  treated  waters  and  recovsry  personnel  should  Investigate  this 
possibility.  Clearance  of  debris  can  be  accomplished  by  the  use  of  hand 
shovels,  wheelbarrows ,  hand  push  brooms,  drag-type  scrapers  and  skip  loaders. 
Debris  may  be  moved  to  a  safer  more  Isolated  area  or  may  be  burled. 


RADIOLOGICAL  DECONTAMINATION 

The  high  priority  facilities  and  critical  areas  which  are  found  to  con¬ 
tain  significant  radiological  contamination  must  be  decontaminated.  When  the 
decision  Is  mads  to  recover  a  contaminated  installation  or  area,  a  site  Is 


chosen  from  which  to  start  ths  recovery  operation.  The  contaminated  facility 
is  monitored  and  its  physical  condition  inspected,  The  effectiveness  of  de¬ 
contamination  measures  may  be  tested,  To  prepare  effectively  for  decontami¬ 
nation  it  may  be  necessary  to  remove  debris  and  obstructions  and  to  check  the 
adequacy  of  the  water  supply  available  for  decontamination  and  of  drainage 
channels  that  may  have  to  be  used.  Boundaries  of  critical  radioactive  areas 
should  be  marked  and  posted,  This  may  have  already  been  done  by  reconnaissance 
personnel , 

Personnel  Protection 

Radiologies1  decontamination  should  be  accomplished  under  the  supervision 
of  trained  personnel.  Decontamination  workers  should  wear  dosimeters  and 
keep  close  track  of  the  total  amount  of  radiation  they  are  receiving.  The 
use  of  these  measuring  instruments  and  precautions  necessary  in  radioactive 
areas  have  been  discussed  in  previous  chapters  of  this  manual,  The  use  of 
protective  clothing  is  of  minor  importance, 

Decontamination  Methods 

Decontamination  of  facilities  may  be  accomplished  by  the  removing  or 
decreasing  the  sand  like  fallout  material;  by  covering  with  uncontaminated 
soil  or  other  material;  or  by  natural  decay.  Removing  or  decreasing  the  con¬ 
tamination  can  ha  dene  by  two  general  method#  -  wot  and  dry,  Zn  the  wet 
method  water  is  used  and  must  be  available  in  ample  quantities,  The  dry  method 
la  conducted  without  water.  If  water  is  used  for  decontamination  purposes  it 
will  become  slightly  contaminated  itself.  The  safety  of  its  disposal  there¬ 
fore,  does  not  have  to  be  considered  too  much, 

Surface  decontamination  methods,  classified  by  type  of  surface,  are 
listed  in  Table  IX,  The  advantages  and  disadvantages  of  each  method  for 
various  surfaces  is  indicated, 

Paved  area  decontamination  can  be  done  by  wet  methods  using  water  hoses 
and  street  flushers  or  by  dry  methods  using  motorised  "street"  sweepers, 
vacuumlsed  "street"  sweepers,  air  brooms,  vacuum  cleaners  and  hand  push  brooms, 
Unpaved  area  decontamination  can  be  accomplished  using  motorised  scrapers, 
motor  graders,  bulldosers,  plows,  hand  shovels  and  wheelbarrows.  Both  paved 
and  unpaved  areas  can  be  covered  with  uncontaminated  fill.  Structures  can 
be  decontaminated  by  such  methods  as  water  hosing,  using  a  roof  washdown 
system,  and  scrubbing  with  water  plus  wetting  agent,  or  by  dry  methods  such 
ae  vacuum  cleaning,  hand  push  brooms,  canvas  covers,  using  solvents  or  strlpp- 
able  coatings  and  sandblasting,  Equipment  decontamination  can  be  dona  by  wet 
methods  using  water  hoses,  scrubbing  with  water  plus  wetting  agent,  and  steam 
cleaning,  or  by  dry  methods  using  vacuum  cleaning,  covers,  solvents,  and  air 
jets. 


Personnel  decontamination  is  usually  not  necessary  after  the  operation 
le  finished,  Laundering  is  affective  in  reducing  the  radioactivity  of 
clothing  and  fabrics  to  vary  low  levels. 
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REPAIR 

Initiation  of  Repairs 

A  decision  can  ba  made  aa  to  whan  to  begin  cartain  rapalra  or  oparatlonal 
actlona  by  making  uaa  of  tha  following  Information  obtalnad  from  raconnalaaanca 
and  aaaaaamant  during  tha  aarly  poatattack  racovary  period! 

1)  Tha  ralatlva  lmportanca  of  tha  facility  or  a.*ea,  tha  urgancy  In 
raturning  It  to  uaa  and  tha  conaaquancaa  If  raatoratlon  la  postponed 
for  a  parlod  to  parmit  additional  dacay, 

2)  Tha  existing  radiation  intanalty  of  tha  facility  or  araa, 

3)  Langth  of  tlma  raquirad  to  parform  func.lon  (aa  ahown  in  Tabla  X) • 

4)  Tha  traval  tlma  and  work  time  which  govarn  the  amount  of  radiation 
outalda  tha  ahaltar  that  paraonnal  will  receive. 

5)  Tha  number,  availability,  and  condition  of  trained  paraonnal  and 
equipment  to  do  tha  specific  Job, 

6)  Tha  axlating  accumulated  radiation  doaa  of  tha  paraonnal. 

7)  Tha  faaalbla  decontamination  procaduraa. 

During  tha  parlod  that  radioactivity  ia  at  a  critical  level,  urgent 
rapalra  for  reactivation  of  eailly  racovarabla  ayatam  facilltiaa  having  high 
priority  can  bo  made  after  nacaaaary  minimal  decontamination,  Tha  laaa  ur¬ 
gently  needed  rapalra  can  bo  dona  after  aufflclant  time  haa  taken  place  for 
tha  radioactive  dacay  to  reduce  the  hacurd  in  the  araa, 

Repair  Pereonnel 

Repair  paraonnal  ahould  be  thoroughly  trained  In  emergency  repair  pro¬ 
cedures,  They  ahould  be  provided  with  the  nacaaaary  equipment  and  repair 
ltama  to  properly  repair  any  reasonable  amount  of  damage  done  to  raw  water, 
pumping,  treatment,  storage  and  distribution  system  facilltiaa,  Aa  previously 
mentioned,  adequate  records  should  be  kept  of  their  radiological  exposure, 

Repair  Requirements 

The  time  required  for  repair  during  early  recovery  will  depend  on  th« 
workmen,  equipment  and  materials  that  are  available  poatattack,  the  level  of 
radioactive  fallout  and  the  extant  and  character  of  the  damage,  Table  X 
shows  the  time,  manpower  and  equipment  requirements  for  typical  emergoncy 
operations,  For  descriptive  purposes  an  operational  guide  ia  presantad  In 
Table  XI,  This  guide  shows  required  manpower  for  recovery  and  restoration 
assuming  light,  moderate  and  severe  damage  and  has  been  time-phased  in  accord¬ 
ance  with  an  assumed  recovery  for  a  system  supplying  one  million  people,  Tha 
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guide  also  assumes  that  fallout  makes  decontamination  operatlona  neceaaary 
along  with  the  need  for  controlling  entry  time  and  atay  time  in  work  areia 
up  to  aaven  daya  after  the  nuclear  bunt.  Additional  guides  listing  the 
number  of  man-hours  to  repair  water  mains  of  various  materials  and  sisaa  are 
given  in  Tables  XII  and  XIII. 

Water  Treatment  Facilities 

Repair  crewa  will  be  responsible  during  the  recovery  period  for  getting 
the  permanent  water  treatment  facilities  back  into  operation  and  for  in¬ 
stalling  temporary  mobile  treatment  facilities  if  they  are  needed.  During 
the  disaster  it  may  be  neceaaary  to  usa  any  water  that  is  available  for  sur¬ 
vival,  It  may  not  be  possible  to  maet  the  commonly  used  drinking  water  quality 
standards  under  all  disaster  conditions.  The  primary  quality  considerations 
for  potable  water  under  such  circumstances  will  not  be  radioactivity,  but 
will  be  sewaga  contamination  and  contamination  with  other  highly  toxic  material. 

The  treatment  facilities  may  be  continued  in  use  even  though  they  do  not 
provide  a  potable  supply  if  their  use  will  lower  the  hasard  resulting  from 
the  various  uses  the  supply  may  be  put  to.  If  the  supply  in  the  system  is  not 
considered  potable,  and  potable  treatment  facilities  are  not  available  whloh 
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brought  in  for  the  survivors, 

Power 

Repair  crews  may  find  that  the  normal  electric  power  sources  for  opera¬ 
tion  of  the  water  system  have  been  inactlvatad,  It  is  in  emergency  situations 
such  as  this  that  the  provision  of  standby  self-contained  power  units  at 
critical  locations  is  found  to  be  Invaluable,  It  such  facilities  hava  not 
been  installed,  or  are  not  in  operating  condition,  portable  units  will  hava 
to  bo  brought  in,  These  units  may  belong  to  the  water  utility  or  to  a  power 
company,  military  or  civil  defense  organisation,  Tha  utility  racords  should 
adequately  cover  the  power  needs  for  each  critical  facility  and  show  where 
and  how  adequate  auxiliary  sources  of  power  and  fuel  can  be  obtained.  The 
utility  itself  should  have  portable  fuel  powered  units,  portable  generators 
and  an  adequate  supply  of  fuel  stockpiled  at  convenient,  protected  locations. 
Priorities  should  be  established  for  use  of  available  power  within  tha  utility. 


CHAPTER  VII 


EMERGENCY  SOURCES  AND  SUPPLY  PROCEDURES 


INTRODUCTION 


Th«  locating,  inventorying  and  planning  for  tha  uaa  of  amargancy  water 
aourcea  from  which  minimum  euppliaa  can  ha  delivered  to  aurvivora  of  a 
nuclear  dlaaatar  la  one  of  tha  moat  important  advanca  preparation  conaldara- 
tlona,  Tha  Office  of  Civil  Dafenaa  haa  indicated  that  ahelter  auppllea 
ahould  include  atored  water  aufficlent  for  at  leaet  14  days,  When  tha  water 
auppllea  atored  in  eheltara  are  axhauatad,  people  will  expect  Civil  Defanae 
and  tha  water  utility  to  have  a  eupply  available.  Water  will  have  to  be 
available  to  aurvivora  at  locationa  which  can  be  reached  without  expoeure  to 
exceaalve  reeldual  radioactivity. 

It  la  poaalbla  that  all  or  part  of  the  normal  water  eupply  ayatem  will 
be  daatroyed  beyond  repair.  In  areaa  where  the  utility  water  aupply  la  not 
uaabla  jlt  the  water  distribution  eyetem  ia  inoperative,  the  success  with 
which  eaaentlal  water  la  aupplled  from  alternate  facllitlee  will  Influence 
greatly  the  over-all  Impact  of  the  attack,  Tha  emergency  provlalon  of 
eaaentlal  water  by  tha  water  utility  and/or  other  aganclea  having  mutual  aid 
reeponalbllitlea  ahould  therefore  be  thoroughly  planned  in  advance.  Emer¬ 
gency  aupply  procaduree  include  the  uae  of  water  allowancae  or  rationing  and 
the  meana  of  delivery  of  both  potable  and  non-potable  water.  Delivery  of 
emergency  water  may  not  necaaearlly  be  the  direct  or  cole  reaponalblllty  of 
the  utility. 

Each  utility  muat  make  ita  plane  in  view  of  lte  own  particular  eyetem 
and  the  facllitlee  and  aourcea  available  to  it,  Declelona  muat  be  made 
racognlalng  tha  aerloueneae  of  tha  raaulte  of  an  attack  and  aleo  recognising 
that  the  maaeurae  decided  upon  must  bo  both  reasonable  and  practicable, 

sramcY  Msai 

Poatettack  water  may  be  available  either  from  local  or  imported  aourcea, 
Thaae  may  be  sources  in  uae  at  the  time  of  the  attack,  from  water  in  storage, 
or  from  auxiliary  or  alternate  sources  of  supply.  In  addition,  emergency 
sources  in  the  houaehold  Itself  should  not  be  overlooked  and  the  survivors 
should  be  notified  of  the  possibility  of  such  sources  being  available. 

The  procaduree  and  tha  time  required  for  the  recovery  of  a  particular 
source  of  water  by  the  utility  is  dependent  on  the  character  of  the  facility 
and  its  pre-attack  condition,  Underground  sources  would  be  much  less  likely 
to  become  contaminated  than  surface  aourcea ,  If  underground  sources  are  not 
available  or  expedient  to  use  the  only  recourse  ia  to  use  surface  supplies. 
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In  rivers  ami  lakes,  inlat  structural  may  ba  so  constructed  that  littla  or 
no  apacial  hardening  is  necessary *,  however  intakes  which  are  an  integral  part 
of  the  dam  or  reservoir  wall  will  require  careful  consideration. 

Local  Sources 


The  best  source  of  emergency  water  Is  the  utility  system  Itself  if  it  is 
operative  in  or  near  the  area  of  need.  The  next  logical  source  is  from 
auxiliary  supplies  within  or  adjacent  to  the  distribution  area.  Sources  that 
are  not  normally  considered  potable  may  have  to  be  used)  and  treatment  may 
be  needed, 

Interconnections  with  adjacent  water  utilities  with  water  capable  of 
being  delivered  in  either  direction  are  highly  desirable.  The  reduced  siaea 
of  mains  at  the  edges  of  the  utility  system  will  decrease  the  amount  of  water 
available  through  such  interconnections  and  pumping  may  ba  necessary. 

Local  industrial,  irrigation  or  other  private  supplies  can  similarly  ba 
used  for  supplying  emergency  water.  Water  storage  on  private  properties  in¬ 
cluding  tanks,  reservoirs,  and  swimming  pools  may  ba  another  possible  source 
of  supply.  Consideration  should  also  ba  given  to  the  appreciable  volume  of 
water  stored  in  building  water  tanks,  water  heaters,  and  building  water  piping, 
water  softeners  and  cooling  towers.  The  total  volume,  however,  may  ba  only 

a  very  small  part  of  that  required,  local  surface  waters  not  normally  used _ 

for  domestic  purposes,  such  as  lakes,  ponds,  rivers,  streams  and  canals  offer 
tremendous  volumes  of  water  for  fire  fighting,  decontamination,  and  sanitary 
purposes.  Salt  water  sources,  if  available,  from  the  ocean,  bays  and 
estuaries,  out  of  necessity  may  also  have  to  ba  used  for  such  purposes  if 
freshwater  sources  are  not  available  in  sufficient  quantities,  In  using 
these  sources  consideration  must  bo  given  to  their  accessibility  for  emer¬ 
gency  pumping,  their  location  in  relation  to  the  supplying  of  points  of  naod, 
and  their  possible  treatment  requirements. 

Soma  municipalities  now  require  the  owners  of  pools  and  othar  large 
storage  facilities  to  provide  a  pipe  connection  by  which  the  fire  department 
may  use  the  water  as  a  source  of  emergency  supply, 

Underground  cisterns  as  used  in  San  Francisco  since  the  disastrous  fire 
and  earthquake  in  1906  era  an  excellent  source  of  emergency  water  and  might 
be  considered  in  the  emergency  planning  of  othar  municipalities.  In 
San  Francisco  there  are  152  fire  department  cisterns  strategically  located 
throughout  the  city,  They  are  designed  and  maintained  for  use  as  an  emer¬ 
gency  water  supply  in  the  event  of  a  major  interruption  of  the  normal  supply, 
They  are  not  connected  with  the  water  supply  but  are  filled  from  fire  hydrants 
by  the  fire  department. 

Imported  Sources 

If  local  sources  of  supply  ars  not  available  for  emergency  use,  then 
imported  sources  must  be  considered.  Imported  sources  may  be  those  already 
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uaed  by  the  utility  such  as  the  taking  of  water  from  aqueducts  constructed 
to  bring  a  aupply  to  the  community  from  diatant  aourcea.  Repalra  may  have 
to  be  made  to  continue  the  earvica  of  the  water  to  the  utility  ayatam.  Once 
the  watar  haa  reached  the  ayatam  the  aama  consideration#  apply  aa  to  any  of 
the  local  aourcea.  Emergency  pipellnea  can  be  laid  to  bring  water  in  from 
aourcea  that  are  not  too  far  diatant.  Watar  may  be  delivered  to  normally 
dry  atream  beda  or  ditchaa  or  to  atorm  aewara  in  order  to  carry  it  to  the 
area  of  the  utility  and  be  available  for  uaa  where  needed. 

It  may  be  nacaaaary  to  haul  in  watar  if  the  piping  ayatam  la  not  uaabla. 
Hauled  watar  could  be  the  only  aourca  available  to  auatain  aurvivora  until 
more  permanent  delivery  facilities  are  aatabllahod.  The  amount  of  water 
available  by  hauling,  aa  mentioned  earlier,  will  probably  be  Insignificant 
compared  to  the  demand.  Another  problem  will  be  the  availability  of  suf¬ 
ficient  fuel  for  large  acale  hauling. 

Tank  trucka  uaad  for  hauling  water  can  be  commercial  water-hauling 
trucks,  milk  trucka,  atreet-f lushing  trucks,  construction  truoks,  fire  de¬ 
partment  trucks,  or  tank  trucka  owned  by  farmers.  Small  portable  tanka  may 
be  mounted  on  trucks  and  used  to  deliver  watar.  Procedures  for  delivering 
water  by  tank  truck  are  dlacuased  under  "Supply  Proceduraa"  in  this  chapter. 

Railroad  tank  cara  are  another  means  of  hauling  watar.  Normally  water 
from  railroad  tank  cara  would  have  to  be  transferred  to  other  vehiclea  for 
further  hauling. 

Another  aourca  of  water  which  may  be  either  local  or  imported  la  bottled 
water,  It  may  be  obtained  from  bottled  water  distributors  or  by  using  the 
bottling  or  canning  facilities  of  dairlea,  breweries,  soft  drink  companies, 
canneries,  etc, 

Houaehold  Sources 


During  the  period  that  no  water  can  be  brought  into  a  damaged  area,  or 
If  the  watar  present  la  of  questionable  quality,  there  are  a  number  of  emer¬ 
gency  aourcea  within  the  houaehold.  Water  In  the  hot  water  tank  and  In  the 
storage  tanka  of  fluah  tollata  could  be  used,  aa  could  the  malted  lea  cubes 
In  the  refrigerator.  Water  packed  fruit  or  vegetables  and  julcaa  protected 
In  cans  are  a  good  source  of  liqulde.  The  consumers  should  be  given  specific 
Instructions  on  safe  drinking  water  and  methods  of  purifying  drinking  watar, 

A  number  of  OCD  pamphlets  available  give  an  excellent  dlscuaslon  of  this,* 

mm  msissim 

After  the  emergency  watar  aourcea  havo  been  located  and  inventoried,  the 
utility  must  consider  the  procedures  by  which  the  aourcea  will  be  used  to 


*  Emergency  Sanitation  at  Home,  OCD,  August  1958, 

Home  Protection  Exercises,  A  Family  Action  Program  (MP-1),  OCD,  July  1960. 
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supply  water  to  survivor*  undvr  condi.ti.ona  that  are  llkuly  to  exiat  at  the 
time  of  need,  Thn  ufforta  of  utility  personnel  after  leaving  their  ahaltera 
will  be  devoted  primarily  to  recovering  the  ayatem  and  bringing  it  back  to 
a  aatlafactory  operating  condition  aa  quickly  aa  poaalbla,  During  thla  time 
delivery  of  emergency  water  by  improvlaad  meana  may  involve  other  aganciaa 
aa  well  aa  the  utility.  The  reaponaibillty  for  delivering  emergency  water 
ahould  be  determined  in  advance. 

Emergency  Water  Allowancea 

Water  allowancea,  rationing,  prloritiea,  and  time-phasing  of  eatimatad 
water  requirements  are  an  important  conalderation  in  advance  planning.  It 
will  be  necoaaary  to  Inventory  critical  water  uaera  and  determine  their 
quantity  and  quality  requirementa ,  Following  an  attack  water  la  likely  to  be 
available  only  in  limited  quantitlea  and  ahould  be  used  on  a  priority  basis, 
conalderlng  the  over-all  recovery  needa.  Different  uaea  will  have  varying 
quantity  and  quality  requirementa.  Such  requirementa  will  not  remain  con- 
atant  but  will  change  under  the  changing  condltlona  following  the  dleaeter. 

The  water  utility  will  have  to  conaider  auch  changing  condltlona  in  the  de¬ 
termination  of  uae  priority, 

The  determination  of  emergency  water  needa  in  made  on  the  baaia  of  both 
quantity  and  quality  for  varioua  catagorlea  of  uae,  The  uaea  generally  con- 
aldered  include  potable,  aanltary,  decontamination,  fire  fighting,  indua trial, 
and  agricultural  water. 

Potable  water  la  that  water  which  can  be  used  for  drinking  and  cooking. 
After  a  nuclear  diaaater  the  primary  concern  for  potable  water  will  be  con¬ 
tamination  by  aawage,  or  other  highly  toxic  material.  Contaminated  water 
which  haa  bean  treated  with  chlorine  or  other  dlalnfactant  may  have  to  be 
uaed  without  further  treatment  to  aaaure  lta  purity.  The  health  department 
ahould  be  conaulted  whenever  poaaible  in  determining  the  acceptability  of  the 
available  auppllaa,  The  higheat  priority  on  available  potable  v/ater  supplies 
ahould  be  given  to  hoapitala  and  other  medical  care  facilities  and  to  per¬ 
sonnel  engaged  in  recovery  operations, 

Sanitary  water  la  used  for  personal  washing,  claanalng  of  living  and 
work  areas,  and  for  flushing  water  carriage  sewage  facilities,  provided  there 
la  sufficient  water  and  facilities  are  useable.  Sanitary  water  will  bo 
needed  from  the  atart  of  the  disaster  period,  and  especially  whan  survivors 
start  leaving  their  shelters,  Although  it  is  desirable  that  thaao  waters 
meet  potable  standards  when  delivered  through  the  potable  water  ayatem,  this 
may  bo  impossible  during  the  emergency. 

The  Office  of  Civil  Defenae  haa  compiled  information  showing  the  mini¬ 
mum  amount  of  potable  and  sanitary  water  that  should  be  provided  by  the  water 
utility  during  a  diaaater.  These  quantities  are  summarised  in  Table  XIV, 

Decontamination  water  is  uaed  for  cleansing  facilities,  areas,  buildings, 
persona,  etc,  Following  a  nuclear  diaaater  one  of  its  moat  Important  uses 


/ 
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la  that  of  waahing  away  radioactive  fallout.  Diapoaal  of  the  used  decon¬ 
tamination  water  may  he  a  problem  and  ahould  be  reviewed  with  thoae  having 
the  reaponaibllity  for  waate  water  diapoaal.  The  diapoaal  to  storm  aawera. 
holding  in  atorago  lakea  and/or  land  percolation  are  aome  methoda  that  may 
be  conaidered. 


TABLE  XIV 

MINIMUM  POTABLE  AND  SANITARY  WATER  QUANTITY  REQUIREMENTS 


Hoapiiala  and  other  Medical  care  Facilitiea 

Maaa-care  Centera  and  other  Welfare  Inatallationa 

Lodging  and  emergency  feeding 

Lodging  centera  -  drinking,  hand  and  face 
waahing  only. 

Lodging  centera  with  operative  f  luah-toilot 
facilitiea  -  drinking,  feeding  and  aani- 
tary  uaea, 

Maea-fueding  atationa  -  cooking  and  aanitary 

uaea, 

Houaeholda 

Drinking,  cooking  and  cleanaing 
With  operative  flueh-toilnt  facilitiea 


3-25  gallona/caeualty/day 

3-15  gailona/pereon/day 
2  gallona/peraon/day 

23  gallona/peraon/day 
3-10  gallona/peraon/day 

3-13  gallona/peraon/day 
23  gallona/peraon/day 


Fire-fighting  water  ia  that  water  needed  to  control  flrea  and  cool  debria. 
Large  volumea  of  water  are  needed  at  fire  areaa  and  any  water  available  may 
have  to  be  uaed  aa  long  aa  it  doea  not  clog  piping  and  pumping  equipment. 

Induatrtal  water  need  after  a  diaaater  ia  that  required  to  re-eatabliah 

induatriea  eaaential  for  aurvival  or  defenaa,  The  quantity  and  quality  needa 
vary  with  the  particular  induatry. 

Agricultural  water  la  uaed  to  Irrigate  cropa.  The  required  quantity  and 

to  a  much  leaaer  extant  the  quality  of  auch  water  will  depend  on  the  epaclflc 

type  of  cropa  being  irrigated. 

In  planning  the  aupplylng  of  emergency  water,  water  allowance  acalea  can 
be  prepared  by  eatimating  water  requiremanta  for  apecific  water  uaea  auch  aa 
thoae  reviewed  above. 
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V 


The  disaster  parioda  choaan  for  purpoaaa  of  determining  watar  allowanca 
scales  can  ba  designated  aa  survival,  early  racovary,  restoration,  and  ra- 
conatruction,  Survival  allowancaa  ara  tha  minimum  amounta  nacaaaary  to  eus- 
tain  human  life,  Early  racovary  oparatlon  allowancaa  provlda  for  tha  high- 
priority  naada  during  tha  aarly  diaaatar  racovary  period,  Tha  minimum  quan- 
tltlaa  naadad  at  thla  tlma  will  uaually  ba  provided  under  aavara  conditions 
for  relatively  ahort  parioda  of  time.  Raatoratlon  oparatlona  will  extend 
ovar  a  longer  period  of  time  and  conditlona  will  generally  ba  laaa  aavara. 
During  thla  period  watar  allowancaa  for  aoma  uaaa  will  begin  to  approach  pra- 
amargancy  lavala,  Raconatruction  oparatlona  will  atart  whan  attention  may  ba 
given  to  rehabilitation  of  tha  ayatam  and  will  extend  ovar  an  appreciable 
period  after  tha  aarvica  of  aaaantial  watar  haa  bean  atartad. 

Appropriate  allowancaa  can  be  aetabllahad  corraapondlng  to  criteria 
aaaoclatad  with  each  of  tha  above  emergency  conditions.  Table  XV  showa 
aatlmatad  watar  allowancaa  for  given  potable  uaaa  for  each  emergency  period. 

Tha  aatlmatad  watar  requirements  can  ba  tlma-phasad.  Time  studios  of 
such  requirements  can  ba  used  to  determine  the  minimum  supplies,  equipment, 
manpower  and  organisation  arrangements  needed  to  meet  the  water  requirements 
by  designated  postattack  datas.  As  tlma  passes  following  a  disaster,  in¬ 
creasing  quantities  of  water  must  ba  made  available  to  satisfy  minimum  water 
naada.  Tha  earliest  watar  requirements  will  be  mainly  for  drinking  and  for 
the  care  of  the  sick  and  disabled.  Later  when  further  radioactive  decay 
parmlts  greater  recovery  activity,  increased  quantities  of  water  will  be 
needed  for  decontamination  and  for  tha  recovery  of  food  procaaslng  and  other 
essential  industries,  Tha  time-phasing  can  ba  developed  assuming  tlma  in¬ 
tervals  for  establlshmant  of  watar  allowance  scales.  One  method  of  relating 
tha  tlma-phaslng  of  minimum  water  allowances  to  predetermined  water  allowance 
scalas  aa  given  in  the.  previous  table  is  shown  in  Table  XVI,  Tha  data  of  tha 
attack  is  referred  to  hera  ai  "D"  day. 

Delivery  of  Potable  Watar 


In  planning  the  distribution  of  emergency  water,  consideration  can  ba 
given  to  tha  use  of  undamaged  portions  of  the  distribution  system  by  rerouting 
and  isolation,  the  use  of  normal  or  smargancy  sources  of  supply,  tha  use  of 
emergency  mobile  treatment  equipment,  and  delivery  of  watar  to  tha  syatem  by 
hauling,  The  public  will  need  information  concerning  tha  availability, 
location  and  condition  of  emergency  water  supplies  throughout  the  survival 
and  recovery  phases. 

The  utility  distribution  system  as  mentioned  earlier  would  ba  the  best 
source  of  emergency  water  if  it  is  operative  and  can  ba  used,  The  destruction 
of  kay  parts  of  the  distribution  system  may  prevent  any  sort  of  normal  opera¬ 
tion,  but  certain  portions  of  the  system  may  ba  capable  of  serving  watar  to 
soma  of  tha  consumers  directly.  Where  the  supply  is  limited  the  service 
might  be  intermittent  and  restricted  to  a  few  hours  par  day, 
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TABLE  XV 


ESTIMATED  EMERGENCY  WATER  ALLOWANCE 


Watar  uaa  Catagory 
and  type  of  Facility 
or  Operation 

Watar 

Allowanca 

Unit 

Eatimatad  Watar  Allowanca 

Srala  A 
Survival 

Scala  B 

Early 

Recovary 

Scale  C 
Raatora- 
tlon 

Scala  D 
Racon- 
a  true  t  ion 

1,  Potable  Watar 

a.  Horn* a, 

Shaltara 

gal/cap/day 

0.3 

0,3-3 

3-40 

40 

b,  Hoapitale 

II 

3 

13 

23-40 

40 

c,  Maaa-cara 

II 

3 

10 

13-23 

23 

(Watar  allowance  for  othar  catagorlaa  to  ba  davalopad  by  utility) 


TABU  XVI 

ESTIMATED  WATER  ALLOWANCE  SCALE  TIME-PHASE 


Watar  Allowanca  Scale*  to  ba  uaad  on  or  bafora 
Eatimatad  Indicatad  Data 

Watar  uaa  Category  D  Day  D  7  13  D  +  4i  D  +  36 

and  typo  of  Facility  to  to  to  to 

or  Operation  D  +  14  D  +  43  D  +  90  D  +  1  yr 


Potabla  Watar 

a. 

Home  a 

A 

B 

C 

C-D 

b. 

Hoapltala 

A-B 

B-C 

C 

C-D 

c, 

Maaa-Or# 

Cantara 

A 

B 

B-C 

C 

(Scala  for  othar  catagorlaa 

to  ba  davalopad  by  utility) 

Water  from  the  diatribut Ion  ayNtem  could  he  aervtnl  directly,  if  necaaaary, 
from  atorage  facllitiea,  dourer*  of  aupply,  or  from  trmiamlaa ion  pip#  linoa, 
M#aaurea  ahould  bo  developed  for  ita  uae,  oapecinlly  whero  largo  linaa  ar# 
in  the  vicinity  of  aheltera,  emergency  car#  centara,  or  othar  locationa  whara 
thar#  may  ba  aurvivora.  Hydrunta  might  be  provided  with  tapa  to  aerva  tha 
local  reaidanta  or  water  tank  truck*,  The  rata  of  delivery  of  water  can  be 
increaaed  by  uaing  manifolda  with  a  number  of  tapa,  Maaaurea  ahould  ba 
developed  to  uaa  water  that  may  ba  held  in  tha  diatribution  ayatam  piping. 

Water  could  ba  made  available  by  tapping  the  line  at  tha  low  point  by  uaing 
a  low  lift  portable  pump,  or  by  dipping  through  opaninga  in  the  pipe, 

In  tha  diatribution  ayatam,  emergency  or  permanent  interconnection#  may 
be  made  between  high-and  low-level  gone*  for  aervlca  of  water  between  theae 
aonea  by  gravity  or  pumping,  Emergency  pumpa  may  have  to  be  uaad  to  readily 
aupply  needed  fire  and  aanltary  water  from  emergency  water  aourcea,  Diatri¬ 
bution  atorage  facllitiea  ahould  be  dlaconnected  immediately  after  the  dia- 
aater  ao  aa  to  prevent  water  waataga  and  later  be  put  into  aervlce  aa  needed, 
to  aupply  tha  emergency  water,  Zn  aupplylng  water  from  the  diatribution 
ayatam,  tha  utility  ahould  conaidar  method#  of  rerouting  water  and  the  effect 
on  tha  carrying  capacity  of  the  main#  by  valving  off  given  aectlona. 

In  taking  water  from  aourcea  inalde  or  adjacent  to  the  utility  area  it 
may  be  necaaaary  to  uae  auxiliary  portable  pumpa,  Theae  ahould  preferably 
ba  ao  valvad  that  auction  and  diacharga  can  be  interchanged,  A  atudy  ahould 
be  made  in  tha  advance  planning  to  determine  the  number  and  alia  of  portable 
gaaoline  or  dleael  angina-driven  auxiliary  generator#  and  pumping  equipment 
that  may  be  needed  for  auch  purpoaea  and  their  availability  in  the  area, 

Plre  department  pumpera  may  have  to  ba  called  into  aervlce  to  aupply  water 
other  than  that  for  fire  fighting. 

Hauled  water  will  have  to  ba  brought  in  if  it  la  not  poaalbla  to  dla- 
trlbute  water  to  aurvivora  through  the  piping  ayatam,  Thla  operation  might 
well  ba  made  the  reaponalblllty  of  agenda#  other  than  tha  water  utility,  ao 
that  utility  peraonnel  can  devote  their  time  to  putting  tha  diatribution 
ayatam  back  into  operation  aa  rapidly  aa  poaalbla ,  Short  fire  hoaaa  can  be 
uaed  to  fill  the  tank  trucka  from  hydrant* ,  However,  for  frequent  and  faat 
filling  of  a  number  of  tanka  at  tha  aame  time  a  riaer  attachment  with  manifold 
can  ba  uaed,  Tank  trucka  can  be  uaad  to  deliver  hauled  water  by  traveling 
through  apeclfiad  area*,  temporarily  atopplng  and  aupplylng  water  to  conaumera 
who  bring  their  own  container*;  by  being  atationed  at  a  fixed  point  near  the 
area  of  need;  or  by  delivering  water  to  atatlonery  atorage  tanka  or  other 
temporary  atorage  facllitiea  from  which  the  conaumera  may  obtain  their  water, 
People  may  bring  tuba,  kettlea,  Juga,  bottle*,  etc,  to  get  the  water.  Fifty- 
gallon  drum#  may  ba  carried  on  aeml-trallera,  atake  trucka  or  vana  and  dla- 
tributed  at  atrategic  pointa,  for  the  dlapenaing  of  water  to  conaumera. 

Railroad  tank  cara  are  another  meana  of  hauling,  Normally,  rehauling  by  tank 
trucka  to  the  pointa  of  need  will  be  necaaaary , 

Before  delivering  water  by  tank  truck  or  railroad  tank  car  the  tanka 
ahould  be  thoroughly  cleaned  and  dialnfected.  The  cleaning  and  dlalnfectlon 


procedure*  would  depend  upon  the  substances  which  tho  tanka  previously  held. 
The  locution*  of  atationa  and  facilities  for  cleaning  and  disinfecting  tanka 
and  contHinera  ahould  he  known  to  the  utility  poraonnal,  Tha  watar  in  tha 
tanka  and  container*  ahould  be  chlorinated  aa  a  minimum  to  a  free  raaldual 
at  point*  of  diatributlon,  Such  chlorination  la  almple  and  quickly  accom¬ 
plished  but  in  an  emergency  it  may  be  eat  aside  unless  absolutely  neceeaary. 

Water  in  containers  can  also  be  distributed  from  trucks  in  bottle*,  milk 
cartons  or  other  containers;  cans,  milk  cans,  and  barrels.  Such  methods,  it 
must  be  realised,  are  suitable  only  for  a  very  limited  population  for  periods 
of  relatively  ahort  duration. 

Water  atationa  for  emergency  water  distribution,  pumping  and/or  treat¬ 
ment  should  be  planned  to  supply  water  to  those  consumers  without  water, 
giving  priority  considerations  to  medical  care  facilities,  and  mass  feeding 
operatlona. 

Emergency  Water  Traatment 

Under  normal  conditions  a  water  utility  may  have  no  treatment  whatsoever, 
or  it  may  have  disinfection  facilities  only,  or  there  may  be  facilities  for 
clarification,  softening,  filtration,  and  color  and  odor  control  as  well. 
Following  a  nuclear  disaster  it  may  be  possible  to  operate  without  some  of 
theae  features.  The  objective  for  aervlca  of  potabls  water  is  a  supply  that 
can  be  used  safely  for  drinking.  For  moat  of  the  other  uses  practically  any 
water  could  be  used  as  long  as  it  does  not  clog  the  piping  or  pumps.  Surface 
sources  may  be  contaminated  from  radioactive  fallout,  from  sewage  or  from 
industrial  chemicals.  Water  mains  that  have  been  fractured  simultaneously 
with  nearby  sanitary  sewers  can  be  grossly  contaminated  and  special  precautions 
will  be  required  to  disinfect  them  prior  to  their  being  placed  back  into 
service,  Low  or  negative  pressures  in  the  mains  caused  by  unusual  demands 
from  fire  fighting,  breaks,  etc.  can  result  in  back  slphonaga  of  sewage  or 
industrial  waste  thus  contaminating  the  water  system. 

The  normally  used  treatment  facilities  should  be  provided  with  a  maximum 
degree  of  flexibility.  There  should  be  provision  for  ready  conversion  of  all 
automated  operatlona  and  controls  to  manual  operation,  After  a  disaster  it 
is  not  unlikely  that  changes  will  be  necessary  in  the  operation  of  tha  treat¬ 
ment  works.  Incraasad  dosages  of  some  chemicals  and  elimination  of  other 
chemicals  during  emergencies  should  be  Included  in  disaster  procedures, 

Special  treatment  like  Increased  chlorination  must  be  considered.  An  addi¬ 
tion,  there  should  be  provision  for  by-passing  the  treatment  works,  A  mini¬ 
mum  30-day  chemical  supply  should  be  maintained  at  the  treatment  plant.  The 
disposal  of  radioactive  waste  material,  if  a  radioactive  supply  is  treated, 
is  another  important  consideration. 


The  utility  should  know  where  sources  of  chemicals  are  available  in  the 
area.  Means  should  be  provided  to  locate  and  use  equipment,  materials  and 
personnel  available  in  the  area  which  aru  necessary  for  the  provision  of 
emergency  treatment. 


Mobile  treatment  facilities  are  alao  neceaaary  to  provide  the  maximum 
flexibility  in  treating  a  contaminated  aupply  at  any  point  in  the  diatribution 
system  and  for  treating  emergency  auxiliary  sources,  Emergency  mobile  water 
treatment  facilities  should  be  maintained  including  both  chlorination  and 
filtration  units  with  coagulation  facilities.  The  mobile  units  provided 
should  be  able  to  treat  water  containing  radioactive  materials.  A  plan 
should  be  prepared  to  use  the  mobile  equipment  to  treat  water  that  will  be 
supplied  to  critical  Installations  and  consumers.  Stockpiles  of  chemicals 
for  the  mobile  units  should  be  maintained. 

Many  health  departments  and  civil  defense  agencies  have  portable  chlorl- 
nators  available  for  emergency  use,  Xn  addition  various  governmental  agenoles 
have  stockpiled  portable  water  filtration  units  at  strategic  sites,  Mobile 
units  may  prove  especially  useful  in  supplying  the  larger  water  allowances 
required  for  hospitals  and  mass-care  centers,  Waterworks  personnel  should 
have  knowledge  of  all  extra  mobile  treatment  equipment  and  replacement  parts 
in  the  area,  They  should  be  able  to  operate  this  equipment  and  should  make 
arrangements  for  its  use  during  emergencies. 

The  type  and  degree  of  treatment  that  must  be  given  the  emergency  water 
source  will  of  necessity  rsly  on  the  judgment  and  decisions  of  the  water 
utility  and  health  department  personnel,  The  crisis  will  probably  not  permit 
time  for  conventional  laboratory  analysis  as  a  basis  for  datarmlnlng  traatmant 
methods,  Color,  taste,  odor,  and  turbidity  of  the  water  tOlither  with  tha 
sanitary  location  of  tha  aourca  will  need  to  be  evaluated  before  it  can  be 
determined  if  simple  chlorination  will  suffice  or  if  coagulation  settling 
and  filtration  will  also  ba  raquirad, 

The  utility  under  its  normal  operation  should  have  adequate  laboratory 
monitoring  procedures  and  should  sstabllsh  base  lines  on  water  quality  lavels 
beyond  which  predetermined  procedures  for  identification,  assessment  of 
hasard  and  taking  of  protective  measures  including  treatment  are  initiated, 

For  emergency  use,  simple  and  rapid  radiological  datectlon  techniques  should 
be  available.  The  chlorine  reeldual  test  will  have  to  ba  rallad  on  as  a 
principal  measure  of  water  aupply  safsty  against  dlseasa  organisms  pending 
the  results  of  tha  more  time-consuming  bacteriological  tests,  Tha  membrane 
filter  test  provides  tha  most  rapid  method  for  determining  possible  bacterial 
contamination, 

Chlorination,  in  spite  of  soma  shortcomings,  is  the  best  single  pro¬ 
tective  device  against  pathogenic  organisms.  Consideration  must  be  given  to 
tha  limitations  of  such  treatment,  A  free  available  chlorine  residual  of 
one  mg/1  throughout  tha  distribution  system  will  kill  or  inactivate  vegeta¬ 
tive  bacteria  providad  that  tha  water  supply  is  low  in  turbidity,  A  higher 
free  available  chlorine  residual  will  be  required  to  inactivate  certain 
enteric  viruses,  Tha  maintenance  of  free  available  chlorine  at  tha  highest 
possible  level  throughout  the  system  consistent  with  palatablllty  require¬ 
ments  is  tha  single  measure  that  will  do  the  most  to  protect  against  biological 
conran ination.  However,  consideration  must  be  given  to  the  length  of  time 
chlorine  stocks  will  last  befors  using  high  residuals  in  the  system. 


Nume rou«  studios,  teats  ami  calculations  have  indicated  that  the  blologi- 
cal  effects  from  drinking  water  that  has  been  contaminated  by  radioactive 
fallout,  in  the  first  few  months  poatattack,  would  generally  bo  insignificant 
compared  with  the  external  gamma  radiation  hasard. 

Probably  few  adults  protected  by  adequate  fallout  shelters  will  die  from 
the  internal  radiation  effects  due  to  drinking  radloactlvely  contaminated 
water,  This  statement  does  not  apply  to  babies  or  children  whose  uptake  ratio 
la  different, 

However,  the  operational  ef factlveness  of  existing  and  conventional  water 
treatment  plants  should  be  improved  to  decrease  still  further  the  radiation 
hasard  due  to  the  ingestion  of  contaminated  drinking  water, 

Water  that  must  be  taken  from  stream  channels,  ditches,  or  other  surface 
sources,  may  be  highly  turbid,  contain  radioactive  material  particles  and 
have  a  very  high  chlorine  demand,  In  order  to  reduce  this  form  of  contamina¬ 
tion  an  earthen  settling  basin  should  ba  constructed  adjacent  to  the  stream, 
to  racslva  diverted  water  that  could  flow  by  gravity  from  the  stream,  The 
settling  action  in  the  basin  will  permit  partial  clarification  of  the  water 
prior  to  further  treatment  and  pumping  to  the  point  of  use,  Alum  added  to 
the  water  entering  the  basin  would  Improve  the  clarification  efficiency  of 
the  unit.  Pump  suction  from  eueh  *  basin  ahould  be  as  far  as  possible  above 
bottom.  Figure  20  shows  the  effective  radioactive  water  decontamination 
processas. 

Notification  of  the  public  must  not  be  overlooked  in  the  supplying  of 
emergency  water,  The  survivors  should  ba  kept  Informed  during  all  stages  of 
the  disaster  as  to  the  sources  of  water  and  the  procedure  to  follow  in  order 
to  utilise  the  available  supply.  In  the  immediate  postattack  period  the 
public  must  be  advised  of  the  water  quality  in  the  mains,  the  means  of  ob¬ 
taining  a  satisfactory  water  and  the  need,  if  any,  to  conserve  or  treat  water. 
Statements  Issued  by  the  utility  should  be  concise  and  presented  so  as  to 
eliminate  as  much  anxiety  as  possible. 

Notification  of  the  public  may  be  through  radio,  TV,  sound  trucks,  etc, 

As  part  of  the  advance  planning  a  survey  should  be  made  of  all  possible  means 
of  communication  and  plans  should  ba  prepared  for  their  coordination, 

Disaster  instructions  for  the  consumers  should  be  issued  by  the  water 
utility  whenever  possible  in  advance  of  an  actual  disaster,  Typical  notices 
to  the  consumer  might  Include  Information  on  home  storage  of  drinking  and 
sanitary  water,  water  waste  prevention,  what  to  do  when  the  water  service  is 
Interrupted,  purification  of  contaminated  or  possibly  contsmlnated  water  and 
the  need  and  procedure  for  obtaining  information  on  the  water  supply  follow¬ 
ing  a  disaster.  Placards  and  signs  could  also  be  prepared  in  advance  to 
direct  the  public  to  water  stations, 

A  major  proportion  of  the  poatattack  survivors  will  have  either  covered 
distribution  reservoirs  or  ground  water  sources  available,  and  this  water  if 
properly  handled  will  be  free  of  radioactive  contamination. 


-EFFECTIVE  RADIOACTIVE  WATER  DECONTAMINATION  PROCESSES 
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INTRODUCTION 

In  the  preceding  cheptere  of  thie  menuel  e  detailed  review  hae  bean  made 
of  the  effecte  of  a  nuclear  diaaater  and  the  measures  which  can  bo  taken  by 
a  water  utility  to  minimise  these  effects  and  to  facilitate  recovery.  Such 
measures  require  action  prior  to  the  disaster.  The  extent  of  preparedness 
of  a  utility  will  determine  to  a  major  degree  the  spaed  with  which  recovery 
takes  place.  Zt,  therefore,  follows  that  ei  '.h  utility  needs  to  develop  a 
functional,  working  nuclear  dlsastur  plan  that  will  provide  both  for  a  real¬ 
istic  self-evaluation  of  the  utility's  strengths  and  weaknesses  and  for  the 
organisation,  personnel,  equipment  and  materials  to  carry  out  the  necessary 
action  to  bring  the  utility  up  to  a  reasonable  preparedness  level. 

Thi»  chapter  contains  the  information  needed  for  tha  preparation  of  a 
disaster  plan  and  dlacusaas  how  to  incorporate  tha  preceding  chiptefV  into 
an  effective  plan  of  operation.  Zt  must  be  emphasised  that  each  utility  has 
its  own  characteristics  and  problems  which  differ  from  those  of  others.  Each 
disaster  plan  must  therefore  be  made  to  allow  for  the  peculiarities  of  the 
specific  utility. 

The  disaster  plan  should  cover  surveys,  assessments  and  actions  to  taka 
place  prior  to  an  attack  and  actions  to  taka  place  during  tha  alert  and  fol¬ 
lowing  the  attack,  Tha  aim  of  tha  disaster  plan  is  to  provide  during  tha 
postattack  period  for  tha  most  effective  utilisation  of  the  resources  avail¬ 
able  to  the  utility.  This  can  be  done  by  providing  an  affective  plan,  trained 
personnel  and  sufficient  emergency  equipment  and  material. 

ADVANCE  PREPARATION 

Diaaater  Organisation 

The  preparation  and  organisation  of  tha  disaster  plan  should  be  made  tha 
responsibility  of  competent  personnel  who  should  guide  the  utility  in  making 
necessary  studies  and  developing  a  preparedness  program.  Full-time  employees 
under  a  disaster  coordinator  should  be  used  in  the  larger  utilities.  The 
formation  of  an  advisory  committee  of  personnel  having  special  knowledge  end 
skills  is  advisable. 

The  utility's  operational  disaster  organisation  should  include  all  regu¬ 
lar  personnal  end  emergency  auxiliary  personnel.  Tha  disaster  organisation 
staff  is  designated  with  alternates  and  replacements  at  least  three  deep  in 
the  key  positions.  Responsibilities  and  channels  of  command  and  liaison 
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■hould  be  clearly  defined,  Some  water  ayatema  can  be  divided  into  district* 
or  sonss  for  independent  action  with  aeparate  peraonnel  assigned  to  each 
sons,  Emergency  teama  may  nlao  be  designated. 

The  dlaaatar  organiaation  will  operate  out  of  control  centera  following 
the  attack,  Control  atationa  for  the  poatattack  operationa  ahould  be  desig- 
nated  and  equipped,  They  will  Include  command  poat  and  alternate,  control 
polnta  and  alternates,  aaaembly  areas  and  reporting  centera. 

Mutual  Aid 

Mutual  aid  and  Joint  venture  agreements  will  provide  for  the  exchange  of 
assignment  during  emergencies  of  personnel,  equipment  and  materials,  Such 
agreements  should  also  call  for  coordination  of  communications ,  training, 
reconnaissance  and  assessment,  inventorying,  standardisation  of  material  and 
equipment,  Effective  mutual  aid  includes  agreements  not  only  with  other 
utilities,  but  with  electric,  gas  and  telephone  utilities;  civil  defense, 
health,  fire  and  police  departments,  and  other  Interested  agencies.  Coordina¬ 
tion  is  especially  needed  with  the  local  civil  defense  agency  and  with  other 
utilities  in  the  community  and  in  the  geographical  area,  In  the  mutual  aid 
agreements  responsibilities  should  be  defined  and  assigned,  The  agreements 
should  clearly  designate  the  area,  organisations,  personnel,  equipment, 
materials,  facilities  and  services  to  be  Included.  Legal  questions,  such  as 
the  transferring  of  equipment,  materials  and  facilities  and  the  problems  that 
might  arlae  from  use  of  personnel  In  the  crossing  of  state  end  county  lines, 
should  be  studied  and  resolved.  Interconnections  with  adjaesnt  systems  should 
be  planned  for  and  provided. 

For  mutual  aid  to  be  effective,  utilities  over  wide  areas  should  be  in¬ 
cluded  in  the  cooperative  agreements.  The  area  of  cooperation  should  be  large 
enough  so  that  It  will  ensure  that  some  assistance  will  be  available  even  in 
an  extremely  widespread  and  destructive  attack.  An  area-wide  Inventory  should 
be  made  of  materials,  equipment,  chemicals  and  personnel  available  to  all  of 
the  agencies  cooperating  in  the  agreements.  Emergency  equipment  and  materials 
ahould  be  standardised,  Agreements  should  provide  for  a  comprehensive  system 
of  area-wide  communication  facilities  and  monitoring  services;  damage  survey 
and  assessment;  personnel  training;  integration  of  the  emergency  plan  with 
suppliers  of  materials,  componsnts  and  services;  and  the  keeping  of  other 
agencies  advised  of  current  conditions,  utility  emergency  personnel  and  loca¬ 
tion  of  pertinent  records,  Mutual  aid  agreements  are  also  advised  to  be  made 
with  adjacent  water  utilities,  and  interconnections  with  such  utilities  are 
often  provided,  In  addition,  agreements  can  call  for  the  maintenance  or 
planning  of  interconnections  with  industrial  or  other  private  auxiliary  sup¬ 
plies  under  proper  supervision,  The  relation  of  the  state  disaster  planning 
to  the  area  and  local  planning  should  also  be  considered  by  the  utility. 

Security 

The  water  utility  should  determine  the  degree  of  physical  security  pro¬ 
tection  needed  and  provide  security  procedures.  Security  measures  will  Include 
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the  uhc  of  weapons,  reporting  “f  incidents,  safeguarding  classified  material, 
crl t Uni  area  protection,  and  employee  security  trnlnlnK. 

Stockpile  Inventories 

An  adequate  reserve  of  material*,  part*,  *upplle*  and  equipment  required 
for  a  nuclear  dlaaater  ahould  be  maintained  In  the  amount*  to  satisfy  the 
normal  30-day  roqulroment* ,  The  amount  stocked  will  depend  upon  the  Individual 
water  utility,  condition*  upon  which  it  operate*,  and  upon  the  probable  amount 
available  from  other  water  utlllti**  through  mutual  aid,  to  determine  addi¬ 
tional  need*  for  emergencies.  Mutual  aid  agencies  should  cooperate  In  stock¬ 
piling  nedded  equipment  and  supplies  and  in  determining  the  bast  storage 
locations.  Warehouse*  containing  the**  ltsms  should  be  located  at  wall  dis¬ 
persed  points.  Tho  stockpile*  essential  for  disaster  operation  and  recovery 
should  he  reasonably  protected, 

Stockpiled  equipment  might  Include  lightweight  quick-coupling  pipe, 
couplings,  fittings,  special  adapters,  gate  valves,  pipe  locators,  portable 
pumps,  generator  sets,  lighting  equipment,  portable  water  treatment  units 
and  mobile  chlorlnatora ,  air  compressor  unite,  fire  hose,  chemicals,  fuel  and 
laboratory  supplies, 

Records 

The  maintenance  of  easentlal  rmcordi  and  Inventories  are  an  important 
part  of  preparedness.  It  should  first  be  datarmlnsd  which  records  are 
essential  and  need  protection.  The  essential  records  kept  should  Include 
those  on  personnel,  emergency  sources,  stockpiled  Items,  critical  consumers, 
emergency  requirements,  emergency  procedures,  maps,  emergency  plans,  etc. 

The  adequacy  of  existing  records  should  be  Investigated  and  Improvements  made 
where  necessary.  Records  can  be  protected  by  duplication  and  dispersion, 
Office  personnel  may  be  directed  to  protect  working  records  In  the  event  of 
an  alert,  Copies  of  all  records  should  be  readily  available  to  key  emergency 
personnel,  Duplicate  copies  should  be  available  at  mobilisation  carters  and 
at  other  sites  which  are  considered  relatively  safe  from  a  major  disaster  In 
the  utility  area.  All  parties  to  mutual  aid  agreements  should  bo  kept  in¬ 
formed  of  these  sites.  All  Important  records  should  be  kept  up-to-date.  The 
records  should  be  easily  read  with  standard  symbols  and  terms  used,  It  Is 
especially  Important  that  valve  crews  and  service  trucks  be  provided  with 
maps  and  current  records  showing  location  and  condition  of  the  mains  and 
valves, 

Tho  essential  Inventory  records  should  Include  information  ons 

1)  Emergency  utility  and  auxiliary  personnel  -  names,  addresses, 

telephone  numbers,  disaster  responsibilities,  skills,  availability 
of  transportation  ,  etc. 
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2)  Potential  emergency  sources  -  location,  capacity,  probable 
potability  and  safety,  need  for  treatment  and  pumping  relia¬ 
bility  of  continued  operation  during  emergencies,  eetlmate  of 
equipment  and  euppllea  likely  to  be  needed  in  their  use,  means 
for  making  connection,  means  for  locating  parsons  responsible 
for  those  sources,  and  signed  agreement  by  owner  for  public  use 
of  supply  In  emergency, 

3)  Amounts,  typos  and  locations  of  emergency  stockpiled  equipment, 
materials,  supplies,  and  chemicals  (including  repair  items), 
both  belonging  to  the  utility  and  that  available  in  the  area, 

A)  Vehicles  and  equipment  for  hauling  emergency  supplies  and 
emergency  water, 

3)  Treatment  equipment  such  as  auxiliary  chlorlnatora  available 
in  the  community, 

6)  Critical  consumers  with  their  priorities  and  their  water 
quantity  and  quality  requirements, 

7)  Estimates  of  requirements  to  meet  severe  emergencies, 

Vulnerability  Assessment 

A  vulnerability  assessment,  as  stated  in  Chapter  IZZ,  is  needed  to  find 
where  there  is  likely  to  be  failure  or  weakening  following  a  nuclear  disaster 
and  then,  considering  priorities,  to  determine  the  measures  needed  to  bring 
the  items  reviewed  up  to  a  reasonable  protection  level,  The  studies  should 
not  only  be  on  the  water  system,  but  on  power  supply,  communications,  equip¬ 
ment,  material,  supplies,  personnel,  security,  and  emergency  procedures. 
Studies  should  be  based  upon  probable  response  to  blast,  thermal  and  ionising 
affects,  The  nature  and  extent  of  damage  to  be  expected  is  estimated  as 
thoroughly  as  possible ,  Determination  can  be  made  of  the  type  and  degree  of 
damage  under  various  conditions  and  of  the  repair  methods  and  equipment, 
materials  and  personnel  needed  to  initiate  recovery  and  restoration.  The 
evaluation  should  indicate  priorities  for  repair  of  the  system  and  alternate 
provisions  in  case  of  loss  or  severe  damage.  The  studies  will  show  what 
operations  will  be  affected  and  this  in  turn  will  indicate  the  need  for  pro¬ 
vision  of  possible  methods  of  repair  and  improvisation  needed  to  restore  that 
particular  operation  as  well  as  the  equipment  and  materials  needed, 


Hardening  includes  any  measures  taken  to  strengthen  a  system  so  that  the 
vital  parts  will  resist  the  damaging  effects  of  attack.  Using  the  informa¬ 
tion  assembled  from  the  vulnerability  studies,  decisions  can  be  made  as  to 
what  units  should  be  hardened  and  to  what  extent.  The  criterion  will  be  that 
enough  of  the  system  survive  the  attack  to  supply  the  water  needed,  Knowing 
the  condition  and  vulnerability  of  the  system  pre-attack  and  the  level  of 
effects  to  which  it  is  assumed  each  part  thereof  will  be  subjected,  the  post¬ 
attack  condition  of  the  system  can  be  predicted  and  methods  developed  for 
recovery. 


Goals  with  raaionabla  achievement  dataa  ahould  ba  formulatad  using  tha 
findings  of  ths  vulnerability  assessment,  VulnoraUlllty  raductlon  msasuras 
should  bs  put  Into  sffsct  so  as  to  provlda  for  continuity  of  oparatlons  dur¬ 
ing  an  smargancy. 

Gsnaral  vulnarabillty  raductlon  (hardening)  methods  available  Include i 

1)  Provision  of  personnel  shelters  adequate  in  construction! 
location,  slse  and  number. 

7)  High  standards  of  construction. 

3)  An  optimum  preventive  maintenance  and  testing  program. 

4)  Duplication  and  separation  of  vital  works. 

3)  Minimising  dependence  on  power  and  pumping. 

6)  Provision  for  mora  than  one  source  and/or  transmission 
line. 

7)  An  active  cross-connection  control  program, 

8)  Adequate  valving  to  present  extensive  areas  being  deprived 
of  water. 

9)  Maintenance  of  emergency  or  permanent  interconnections  within 
and  outside  of  system. 

10)  Distribution  storage  facilities  which  can  ba  disconnected 
immediately  to  prevent  water  waste  and  later  be  put  into 

service  as  needed. 

11)  Flexibility  in  operation  of  treatment  works, 

12)  Maintenance  of  adequate  chemical  supplies, 

13)  Maintenance  of  emergency  mobile  water  treatment  equipment, 

14)  Provision  of  dusl  powsr  sources,  on-site  storage  of  fuel  and 
auxiliary  power  units,  remote  and/or  automated  controls,  and 
ready  conversion  of  automatic  controls  to  manual  operation. 

13)  Provision  of  portable  pumps  with  fuel-operated  units, 

16)  Provisions  at  major  pumping  plants  of  mora  than  one  incoming 
and  discharge  lines  and  plan  for  shutdown  of  pumping  plants 
during  extreme  emergency  so  as  to  conserve  water. 
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17)  Provision  of  aecurity  meaaurea  for  facllltiaa,  matarlal 
and  paraonnal. 

18)  Training  of  ragular  and  auxiliary  paraonnal  in  amargancy 
oparationa  and  procaduraa. 

19)  Conducting  amargancy  oparationa  axarciaaa  periodically, 

Water  Supply  and  Diatrlbution 

Under  normal  conditiona  all  the  water  in  the  utility  ayatem  ia  expected 
to  meet  domeatic  water  atandarda,  be  aafa,  attractive,  clear,  colorlaaa, 
cool,  contain  no  objectionable  taate  or  minerala  and  be  aupplied  in  quantitlaa 
aufficient  to  meat  all  naada  during  parioda  of  maximum  demand,  The  utility 
under  ita  normal  operation  will  inveatigate  theae  conditiona  and  determine 
what,  if  anything,  ia  naceaaary  to  bring  the  water  quality  and  quantity  up  to 
theae  etandarda,  Under  both  normal  and  emergency  conditiona  the  raw  and 
treated  water  ahould  be  monitored  for  radiological,  chemical  and  biological 
quality  and  baaellnaa  aatabllahad  on  water  quality  lavala  beyond  which  pre¬ 
determined  procaduraa  of  identification,  aaaeaament  of  haiard  and  taking  of 
preventive  meaaurea  are  initiated. 

Under  aavara  damage  conditiona,  the  quality  and  quantity  raqulremanta 
daacribed  above  cannot  be  expected  to  be  mat  at  all  tlmaa.  The  utility  la 
advlaad  to  follow  Supply  Procaduraa  reviewed  in  Chapter  VIZ  to  make  an  ad¬ 
vance  determination  of  emergency  water  naada  for  varloua  catagorlea  of  uaa 
auch  aa  potable,  eanltary,  decontamination,  fire  fighting,  lnduetrlal  and 
agricultural  water,  Conalderation  muat  be  given  to  water  allowancaa,  ration¬ 
ing,  priorltlaa  and  tlme-phaalng  of  eatlmeted  water  requlramanta.  Critical 
water  uaera  ahould  be  inventoried  and  their  quantity  and  quality  requlvamanta 
determined,  Requlramanta  will  change  with  changing  conditiona,  The  minimum 
auppllaa,  equipment,  manpower  and  organisation  arrengamanta  needed  to  moat 
the  water  requlramanta  ahould  be  determined,  lnveatlgatlona  ahould  bo  made 
of  aupply  procaduraa,  emergency  treatment,  uae  of  mobile  treatment  and  pump¬ 
ing  facllltiaa  and  emergency  mathode  of  diatrlbution  of  water.  The  vulner¬ 
ability  aaaeaament  ahould  be  uaed  to  determine  meaaurea  needed  to  protect 
water  quality  and  quantity,  Ae  potable  water  may  not  be  available  immediately, 
conaumera  ahould  be  encouraged  to  atore  water  aufficient  for  at  loaat  14  daya 
in  fallout  aheltera,  During  the  period  Immediately  after  the  attack  an 
acceptable  potable  water  may  bo  that  water  which  haa  been  determined  aa  not 
being  contaminated  with  aewaga  or  other  highly  toxic  material  and  which  haa 
received  a  vary  minimum  treatment.  Waterahad  damage  and  ita  effect  on  water 
quality  muat  alao  be  conaldared  along  with  damage  in  the  diatrlbution  ayatem. 

Under  fallout  conditiona  radioactive  decontamination  may  be  noceaaary  if 
the  aupply  or  the  diatrlbution  facllltiaa  are  not  properly  protected,  The 
need  for  monitoring  the  aupply  haa  already  been  reviewed.  The  utility  ahould 
inveatigate  and  make  available  feat  and  reliable  meana  of  determining  the 
radioactivity  level  of  the  area,  The  utility  ahould  inveatigate  and  provlda 
the  meana  to  protect  the  aupply  agalnat  fallout  and  to  treat  the  aupply  for 
removal  of  radioactive  material, 
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Aa  tha  normal  aourcaa  of  supply  or  the  dlatrlbutlon  facilitiei  may  ba 
unavallabla  or  unuaabla  aftar  a  nuclear  diaaatar,  investigations  should  ba 
mada  by  the  utility  to  locata  and  lnvantory  emergency  sourcas  of  supply* 

Plans  should  bo  astablishad  to  obtain  and  uao  amargancy  watar  from  tha  utility 
system,  auxiliary  sourcas  inslda  or  outside  tha  utility  areas  and  from  tha 
hauling  of  watar  as  ravlowad  in  Chapter  VZZ.  Consideration  should  bo  given 
to  amount  of  watar  available,  damage  potential,  pumping  and  power  require¬ 
ments,  need  for  auxiliary  pumping  facilities  or  treatment,  and  equipment, 
material,  personnel  and  tranaportation  requirements ,  Consideration  must  bo 
given  to  rerouting  of  watar  and  to  isolation  of  parts  of  the  system, 

Zn  providing  emergency  water,  the  utility  muat  also  consider  tha  avail¬ 
ability  of  materials  and  supplies  required  for  emergency  disinfection,  and  a 
procedure  should  be  established  for  obtaining  and  uaing  such  items,  in  addi¬ 
tion,  plans  should  include  tha  .service  of  essential  watar  through  the  pro¬ 
vision  of  emergency  water  dlatrlbutlon,  treatment  and/or  pumping  atatlons. 

Communications 

Adequate  communications  will  significantly  increase  the  rate  of  recovery 
following  a  nuclear  attack,  During  the  pre-attack  period  a  study  should  be 
made  of  the  existing  communication  facilities,  tha  Improvements  needed  to 
bring  them  up  to  an  acceptable  loval ,  end  than  the  necessary  corrections 
should  be  made,  Botn  radio  and  telephone  facilities  should  be  provided  and 
integrated  into  the  amargancy  operation  plan.  Facilities  should  be  provided 
both  in  fixed  installations  and  mobile  units,  Tha  mobile  units  should  be 
able  to  communicate  with  each  other  whan  the  base  station  is  not  operating, 
Facilities  should  be  provided  for  intercommunication  or  monitoring  of  nearby 
utilities,  Backup  personnel  for  operation  of  the  communications  equipment 
are  essential.  The  fixed  communication  equipment  and  facilities  should  ba 
Installed  in  sites  that  are  adequate  aa  parsonnel  shelters,  Standby  power 
and  on-site  storage  of  fuel  and  generators  are  needed  at  command  and  control 
points . 

To  prevent  public  panic  and  confusion  following  a  disaster,  provision 
should  be  made  to  issue  statements  frequently  and  clearly  through  a  utility 
public  information  officer  and  alternate,  Froceduras  for  release  of  informa¬ 
tion  should  be  formulated,  A  survey  of  all  possible  means  of  communication 
and  a  plan  for  coordinating  them  should  be  mads  in  the  advance  planning.  Zn 
addition,  relations  with  the  press  and  radio  should  ba  established  so  that 
there  is  a  mutual  understanding  of  the  problems  Involved  and  agreement  on 
methods  to  be  followed.  Means  should  be  prepared  to  disseminate  information 
on  water  quality  in  the  mains,  the  availability  of  satisfactory  water  and 
the  need,  if  any,  to  conserve  or  treat  water,  The  public  may  ba  notified  by 
radio,  TV,  telephones,  sound  trucks,  etc.  News  releases  or  canned  announce¬ 
ments  should  be  prepared  in  advance  for  emergency  conditions  that  are  likely 
to  develop  and  should  Include  information  on  water  rationing,  home  storage 
of  drinking  and  sanitary  water,  watar  waste  prevention,  emergency  water  dis¬ 
tribution  points  and  emergency  purification  and  disinfection  by  individuals, 
Lists  should  ba  prepared  of  essential  Industrial  users  who  should  be  notified 
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of  a  Chung*  in  w*t*r  quality  that  would  affact  thuir  product,  Placards  and 
aigna  can  bo  prepared  In  advance  to  direct  the  public  to  predesignated  loca¬ 
tion*  where  water  ia  made  available, 

Peraonnel  Protection 


The  eatabliahment  of  aheltera  and  a  mobiliaatlon  program  whereby  key 
employee*  will  be  in  the  aheltera  at  the  time  of  attack  ia  of  utmoat  im¬ 
portance,  Xoniaing  radiation  will  injure  peraonnel  who  are  not  adequately 
aheltered  during  the  initial  attack  and  for  an  extended  period  thereafter. 
Injury  and  death  will  alao  raault  from  blaat  overpreaaure  when  inaufficlent 
protection  la  provided. 

A  ahaltar  aurvey  ahould  be  made  to  determine  the  numbar  and  location  of 
aheltera  needed  and  then  a  program  for  their  eatabliahment  inatltuted,  Shel¬ 
ter*  ahould  be  provided  in  location*  that  all  intended  occupanta  can  reach 
within  a  minimum  period  of  time  and  near  where  the  emergency  work  would  have 
to  be  done,  The  provlalon  of  aheltera  in  the  immediate  vicinity  of  critical 
waterworka  facilities  which  era  manned  with  operator*  at  all  tlmea  will  facil¬ 
itate  the  mobiliaatlon  of  the  on-duty  operating  peraonnel  if  the  warning  period 
la  aufflclent  for  auch  peraonnel  to  take  ahaltar  before  the  attack.  It  muat 
be  recogniaed  that  paraonnal  not  ahaltared  at  tlma  of  attack  in  the  vicinity 
of  the  location  where  they  will  be  needed  ia  the  early  parted  will 

he  available  only  if  they  aurviva  the  initial  affect*  and  can  gat  to  their 
aaalgned  location  without  expoaure  to  exceaalva  radiation,  Bach  aaaantial 
operating  unit  or  element  ahould  have  a  ahaltar.  The  determination  ahould 
be  mad*  of  the  beat  location  for  aheltera  in  axlatlng  atructuraa  and  meana 
for  improving  ahaltar  protection  in  thee*  atructuraa  put  into  affact,  Sarloua 
conalderatlon  ahould  be  given  to  provlalon  of  aheltera  in  new  atructuraa, 

■very  effort  ahould  be  mad*  to  keep  the  radiation  doae  receivable  within  the 
shelter  aa  low  aa  poaalbla  in  order  to  permit  peraonnel  to  enter  contaminated 
work  areas  earlier  and  stay  longer. 

Sheltering  of  families  of  personnel  should  be  considered  so  that  there 
will  be  more  likelihood  of  the  personnel  reporting  to  the  assigned  shelters 
whan  the  alert  la  sounded,  A  family  protection  program  la  very  adviaabla, 

Equipment  needed  for  the  shelters  should  be  determined  and  provided. 
Shelters  ahould  have  essential  survival  items  that  will  allow  reasonable 
living  conditions  for  at  least  14  days.  Adequate  equipment  and  supplies  to 
maintain  employees  in  good  phyaleal  and  mental  condition  ahould  be  provided, 
Conalderatlon  muat  be  given  inside  the  shelter  to  apace,  ventilation,  water, 
food,  sanitary  facilities,  personal  hygiene,  communications  equipment,  radia¬ 
tion  monitoring  equipment,  medical  auppllea,  lighting,  etc.  Meana  of  com¬ 
munication  with  command  and  control  poata  muat  ba  available  to  implement 
decisions,  maintain  continuity  of  authority  and  to  assure  organised  action, 


Meana  ahould  exist  for  mobilising  the  full  complement  of  men  in  accord¬ 
ance  with  the  emergency  plan  ahould  an  alert  ba  sounded  or  a  surprise  attack 
occur.  A  portion  of  the  waterworks  staff  la  normally  maintained  in  a  state 


of  readiness  Co  respond  whan  emergency  condlclona  demand,  but  avan  thaaa  man 
ara  ganarally  occupiad  on  low  priority  routina  work  until  callad,  Tha  mobil¬ 
isation  plan  muat  ba  flaxibla  anough  to  provida  for  tha  varioua  conditions 
including  tha  aaaambly  of  off-duty  personnel.  Paraonnal  should  ba  wall  varaad 
in  procaduraa  for  carrying  out  tha  mobilisation  plan  undar  various  circumstancas 
so  as  to  raduca  tha  tima  naadad  to  raach  asslgnad  shaltars. 

Paraonnal  should  not  only  ba  tralnad  to  ba  thoroughly  familiar  with 
radiological  protaction,  but  should  also  ba  tralnad  on  basic  civil  dafansa 
subjacta  Including  first  aid. 

Radiological  Monitoring  and  Training 

Advance  maasuraa  to  mlnlmlsa  tha  disrupting  affact  of  a  nuclaar  attack 
must  include  tha  training  of  paraonnal  to  liva  and  survive  in  a  radioactive 
environment ,  An  Important  part  of  this  training  is  the  use  of  monitoring 
equipment  to  determine  radiation  levels.  Raw  and  treated  water  supplies 
should  bo  monitored  undar  normal  utility  operation.  Procoduras  for  sampling, 
analysing  and  reporting  results  undar  emergency  conditions  should  ba  estab¬ 
lished.  Tha  utility  should  lnvsstlgats  and  provida  the  naadad  monitoring 
equipment  and  than  train  tholr  employees  in  tha  use  of  this  equipment.  Both 
Mneitiv*  laboratory  equipment  and  portable  survey  maters  should  bo  provided. 

All  personnel  should  bs  familiar  with  tits  operation  ot the  portable  inetereT - 

Equipment,  procaduraa  and  laboratory  staff  training  should  ba  developed  ao 
that  a  maximum  number  of  samples  can  ba  analysed  quickly  and  efficiently, 

Rapid  field  tests  should  ba  made  available  to  selected  personnel.  Each  em¬ 
ployee  should  have  a  dosimeter  and  keep  accumulated  dose  records  to  show  tha 
level  of  radiation  exposure,  Monitoring  equipment  should  ba  provided  at  each 
mobilisation  area  or  shaltsr.  Tha  disaster  plan  should  call  for  tha  report¬ 
ing  of  radiological  monitoring  results  to  control  canters.  Provision  for 
servicing  of  monitoring  equipment  so  as  to  keep  them  in  proper  order  is 
essential, 

Training  of  personnel,  both  regular  and  auxiliary,  is  needed  in  radiation 
exposure  hasards  and  in  the  protective  procedures  and  precautions  to  be  taken 
when  working  in  the  presence  of  radioactivity.  This  training  may  ba  part  of 
tha  Mutual  Aid  Program,  Personnel  should  understand  what  radiation  is,  what 
it  can  and  can't  do,  and  how  bast  to  protect  themselves  from  it.  They  should 
be  thoroughly  tralnad  on  the  action  they  must  taks  before  and  after  a  nuclaar 
disaster.  Provision  may  bo  mads  to  protect  equipment  and  materials  during 
the  alert  by  placing  them  undar  suitable  cover.  Personnel  should  know  where 
the  shelters  are  located  and  what  tha  characteristics  ara  of  a  good  improvised 
shelter  that  could  be  used  if  designated  areas  are  not  available.  They  should 
have  tha  equipment  and  knowledge  for  determining  when  a  shelter  can  be  left 
and  the  length  of  time  that  one  can  safely  work  in  a  radioactive  environment. 

The  employee  must  be  thoroughly  trained  to  understand  and  rospect  radiation 
intensity,  tots'  exposure  dose,  accumulated  dose,  dose  rate  and  stay  tlms, 

Control  is  nssded  of  the  movement  of  personnel  from  shelters  to  perform  essen¬ 
tial  work.  Personnel  should  be  familiar  with  and  be  provided  with  the  means 
for  removing  radioactive  contamination  from  water  supplies,  facilities  and 
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araaa,  Thay  ihould  be  familiar  with  radiation  atandarda  for  watar  and  air 
and  ahould  know  at  what  radiation  level  tha  aupplylng  of  contaminated  watar 
ahould  bo  atoppad  or  tha  conaumara  adequately  warnad,  Thay  ahould  know  which 
aourcaa  or  facllitiaa  ara  likaly  to  become  contamlnatad  and  which  ara  not. 
Paraonnal  ahould  ba  abla  to  datarmlna  whathar  a  particular  facility  or  araa 
naada  or  ahould  ba  dacontaminatad  and  whan,  how  and  by  how  many  paraona  tha 
work  ahould  ba  dona.  Thay  ahould  know  how  to  aafaly  dlapoaa  of  contamlnatad 
watar  uaad  for  dacontaminatlon  purpoaaa.  Thay  ahould  ba  lnformad  on  poatlng 
of  contamlnatad  facllitiaa  and  araaa. 

Dacontaminatlon  oparatlona  outalda  tha  ahaltar  ahould  racalva  apaclal 
conaldaratlon.  Whan  tha  dacialon  la  mada  to  racovar  a  contamlnatad  inatall- 
atlon,  tha  flrat  atap  la  to  aatabllah  a  aultabla  ataglng  araa  from  which  tha 
racovary  oparatlon  can  ba  launchad,  Next,  tha  vital  araa  la  aurvayad  with 
ragard  to  radiological  contamination  and  phyalcal  condition,  tha  alta  la  pra- 
parad  for  racovary  and  propoaad  raelamatlon  maaauraa  ara  taatad  for  affactive- 
naaa.  Tha  alta  .la  than  praparad  by  ramovlng  dabrla  and  obatructlona,  chack- 
lng  adaquaoy  of  watar  aupply,  drainage  channala,  ate,  Boundarlaa  of  vital 
araaa,  accaaa  routaa,  and  ataglng  araaa  ara  elaarly  marked  to  prevent  entrance 
into  haaardoua  araaa  or  tha  bringing  of  algnlfleant  amount  of  contamination 
into  clean  araaa.  After  tha  oparatlon  la  flnlahad  and  tha  radioactive  araa 
la  left,  contamlnatad  clothing  la  removed  before  returning  to  tha  clean  or 
relatively  clean  araaa, 

Paraonnal  ahould  ba  trained  and  ratralnad  in  uaa  of  equipment  and  ahould 
ba  provided  with  routine  teat  axarclaaa  to  perfect  amargancy  procaduraa. 
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An  affactlva  poatattack  operation  plan  will  provide  for  a  priority  Hat¬ 
ing  of  Immediate  actlona  to  ba  taken  at  each  laval  to  initiate  racovary,  Tha 
plan  ahould  ba  tlma-phaaad  by  deelgnatlng  action  to  ba  takan  after  certain 
aaaumad  parloda, 

Tha  plan  will  provide  for  the  activation  of  tha  dlaaatar  organlaatlon 
including  all  regular  and  auxiliary  paraonnal,  Procaduraa  muat  ba  aatabliahad 
for  moblUaing  tha  available  diaaatar  ataffa,  Thia  would  involve  maana  of 
determining  their  poatattack  availability  or  tha  availability  of  tha  daaignatad 
altarnataa  and  how  to  uaa  thoaa  that  ara  mobiliaad,  Uaa  of  communicationa  and 
paraonnal  raeorda  would  ba  vary  Important  during  tha  moblllaatlon  period,  Tha 
daaignatad  command  poata,  control  loeatlona  and  aaaambly  araaa  with  altarnataa 
will  ba  ataffad  and  put  into  operation  aa  aoon  aa  tha  alert  aounda,  Tha  de¬ 
fined  channala  of  command  and  llalaon  will  alao  ba  put  into  affect  at  tha 
aama  time, 

Oparatlona  during  tha  period  that  paraonnal  muat  remain  in  thalr  ahaltar a 
ahould  ba  included  in  tha  diaaatar  plan.  At  thia  time  tha  communicationa 
equipment  will  ba  of  apaolal  importance.  Information  can  ba  received  on  atatua 
of  attack,  aurvlvlng  paraonnal,  radiation  conditlona,  and  aome  preliminary 
Information  on  tha  condition  of  tha  watar  ayatam  may  ba  available  through 


electronic  sensing  aqulpmant  or  ochar  maana,  Ltaiaon  with  othar  civil  dafanaa 
unita  ahould  ba  ona  of  tha  firat  objectives,  In  tha  ahaltara  aoma  poaaibla 
aourcaa  of  information  would  ba  CD  control  cantar,  intarcomrnunicationa  with 
ahaltarad  watarworka  paraonnal,  automatic  controla  and  alactronic  aanaing 
aquipmant,  raporta  from  othar  CD  paraonnal ,  woathar  raporta,  aarial  monitor¬ 
ing  raporta  ,  ate.  Uaing  tha  information  available,  planning  can  begin  for  the 
oparatlona  to  taka  place  whan  it  will  ba  aafa  to  leave  tha  ahaltara  for  abort 
periods, 

Ona  of  tha  firat  taaka  for  tha  utility  will  ba  tha  aaaaaamant  of  damage 
and  evaluation  of  surviving  facilities  and  tha  surviving  community.  The 
utility  will  have  to  determine  what  tha  postattack  water  naada  are,  tha  facil¬ 
ities  that  can  ba  utilised,  and  tha  moat  affective  way  to  resume  operation  in 
the  available  time.  Whan  it  ia  firat  determined  that  it  la  aafa  to  leave  tha 
ahaltara,  thara  will  ba  a  probing  oparatlon  to  obtain  furthar  information  and 
lmprova  tha  aaaaaamant  of  damaga.  Information  would  ba  galnad  during  a  ahort 
parlod  sufficient  to  permit  decisions  aa  to  action  priority  and  paraonnal, 
aqulpmant  and  matarlal  naada.  The  waaknaasaa  found  in  tha  vulnerability 
studies  would  ba  tha  first  place  to  look  for  damage,  Evaluation  must  ba  mada 
of  tha  capability  of  tha  surviving  ayatam,  Applicable  records  ahould  bo  uaad, 
Aaaaaamant  and  ovaluation  information  would  ba  racordod  and  dlsaamlnatad  to 
tha  various  control  cantara  as  nsadad,  Initial  rocovary  afforta  would  ba 
llmltod  to  individual  and  amall  group  actions,  ponding  aaaaaamant  of  damaga 
and  evaluation  of  radioactivity  hasarda  to  paraonnal.  Whan  central  control 
is  resumed,  realistic  rocovary  actiona  can  bo  ordered,  baaed  in  part  on  data 
determined  in  tha  pra-attack  analysis  of  tha  ayatam,  during  which  time  prior¬ 
ities  for  repair  and  recovery  actiona  ahould  have  baan  determined, 

Procoduraa  for  tha  operation  of  surviving  facilities  must  bo  established, 
This  would  include  control  of  water  loss,  conaarvatlon  of  quality  water  by 
isolation  of  damaged  portions  of  tha  ayatam  and  by  isolation  of  atorage  facil¬ 
ities,  Contamlnatad  facilities  must  also  ba  isolated.  Emergency  source, 
treatment,  storage  and  distribution  facilities  would  bo  activated  for  tha 
sarvlca  of  amargoncy  water,  Essential  water  monitoring  sarvicoa,  with  em¬ 
phasis  on  radiation  and  bacteriological  monitoring,  would  now  ba  noadad,  Tha 
aaally  recoverable  system  facilities  having  high  priority  ahould  ba  reactivated 
aa  soon  aa  poaaibla.  Improvised  operating  and  repair  methods  would  bo  put 
into  affect  at  this  time.  Decontamination  measures  would  ba  uaad  whore 
necessary. 

Procoduraa  for  tha  service  of  a  temporary  water  supply  are  of  vital  im¬ 
portance.  Tha  location  of  water  naoda  aa  wall  as  the  availability  of  water 
can  bast  ba  determined  through  Joint  effort  with  othar  civil  dafanaa  disciplines 
such  as  flra  control,  decontamination,  and  public  health  unita,  Tha  determin¬ 
ation  of  location,  quantity  and  quality  roqulramonta  ahould  bo  time-phaaed. 

Water  rationing  ahould  ba  instituted  if  necessary.  The  utility  muat  bo  ready 
to  participate  in  tha  establishment  and  oparatlon  of  water  stations  in  co¬ 
operation  with  othar  agonclos.  Criteria  should  be  established  for  determin¬ 
ation  of  service  areas  that  are  to  be  supplied  with  water  for  survival  by 
each  of  the  various  methods,  such  aa  piped  water,  hauled  water  or  by  evacuation 
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of  lurvivora  to  araaa  having  watar.  Maana  muat  ba  determined  for  making 
available  aaaantial  watar  from  tha  utility  ayatam,  and  from  auxiliary  a up* 
pliaa  inaida  or  outaida  tha  utility  araa,  Tha  mt"*a  rn*otactad  aourcaa  ahould 
ba  uaad  wharavar  poaaibla.  Racorda  partaining  to  alternate  auppliaa  and 
critical  watar  naada  ara  of  importanca  in  thia  operation,  Smargancy  watar 
treatment  equipment  ahould  ba  available  and  uaad  where  needed.  Of  apeclal 
Importanca  ia  a  procedure  for  notification  of  tha  public  of  tha  location  and 
quality  of  emergency  watar. 

Procaduraa  muat  alao  include  thoaa  nacaaaary  for  tha  recovery  of  tha 
ayatam  and  raatoratlon  of  oparatlona.  Thia  would  include  tha  eatlmatlon  of 
manpower,  equipment,  and  material  needa  to  recover  a  aufflclant  ayatam  to 
provide  at  laaat  10  gallona/capita/day  in  the  early  poatattack  recovery  period, 
The  emergency  repair  program  would  be  expanded  aa  required.  Dlalnfactlon  of 
dlatrlbutlon  ayatama  would  ba  accompllahed  where  nacaaaary.  Operational  pro- 
cedurea  for  recovered  facilltlea  would  ba  aatabllahed. 

The  operational  dlaaater  plan,  for  maximum  ef factlvanaaa  during  the 
poatattack  period,  ahould  be  maintained  in  a  atate  of  rwadlnaaa  with  a  well 
publlclaed  program,  thoroughly  trained  peraonnel,  and  a  continuing  program 
of  teatlng,  evaluation  and  ravlaion. 

Watar  aourca  contamination  by  fallout  would  be  a  aacondary  problem  in 
the  poatattack  environment:  rather,  watar  dlatrlbutlon  ltaelf  would  ba  a 
major  problem,  aapacially  for  aurvivora  in  targeted  cltlea. 


t 
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DISASTER  PLAN  CHECK  LIST 


The  following  chtck  lilt  will  lid  in  establishing  i  dinatir  plan. 

ADVANCE  PREPARATION 
Form  Dlaaatar  Organisation 

1)  Appoint  raaponaibla  paraonnal  for  development,  training  and  raaaarch. 

2)  Appoint  advisory  committal  to  thaaa  paraonnal, 

3)  Daaignata  diaaatar  organisation  ataff  and  taama, 

a)  Daaignata  altarnataa, 

b)  Dafina  raaponaibilitiaa ,  channala  of  commar <  and  llaUon, 

4)  Daaignata  and  aquip  atationa  for  poatattack  oparationa. 

a)  Command  poat  and  altarnata. 

b)  Control  point!  and  altarnataa. 

e)  Assembly  araaa  and  reporting  cantara, 

Initiata  Mutual  Aid  Agraamanta 

1)  Provida  agraamanta  with  ralatad  utility,  aarvica  and  civil  dafanaa 
aganciaa, 

2)  Dafina  and  aaalgn  raaponaibilitiaa, 

3)  Provida  for  exchange  or  aaalgnmant  of  paraonnal,  aqulpmant  and 
matarlala. 

4)  Provida  for  coordination  of  communication,  training,  raconnalaaanca 
and  aaaaaamant,  inventorying,  standardisation,  ate, 

3)  Conaldar  lagal  problems, 

6)  Plan  and  provida  intarconnactlona  with  adjacant  ayatama. 

Establish  Security  Protactlva  Maaauraa 

1)  Datarmlna  degree  of  physical  security  protection  needed, 

2)  Provida  security  procaduraa. 
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Eatabllah  Invcnturlag  (Stockpllee)  and  Roeorda 


1)  Stockpilu  oaacntlul  equipment,  material  and  Huppllen  fur  recovery 
At  diiporaed  atatlona, 

2)  Provide  recorda  which  will  facilitate  recovery, 

a)  Mapa  and  engineering  plana, 

b)  Paraonnol,  regular  and  auxiliary, 

c)  Emergency  aourcea  of  aupply,  availability,  and  meana 
of  ualng, 

d)  Stockpile  ltema, 

a)  Emergency  operating  methoda,  and  procedurea, 

3)  Keep  recorda  readily  available  at  all  levela  of  operation, 

4)  Keep  mutual  aid  partlea  Informed  of  content  and  location  of 
recorda • 

3)  Maintain  recorda  up-to-date, 

6)  Protect  all  eaaentlal  recorda, 

Aeeeaa  Vulnerability  and  Initiate  Hardening  Meaaurea 

1)  Develop  vulnerability  aaaeaament  procedurea, 

a)  Predict  effect  of  fallout,  thermal  radiation  and  blaat 
under  aaaumed  conditiona, 

2)  Aaaaaa  vulnerability  oft 

a)  Source,  tranamlaalon,  treatment,  diatrlbutlon  and 
atoraga  facllltiea, 

b)  Equipment,  material  and  auppllea, 

c)  Peraonnel, 

d)  Power  aupply, 

e)  Cornmunicationa , 

f)  Emergency  procedurea, 

3)  Ualng  raeulta  of  vulnerability  aaaeaament  determines 

a)  Probable  poatattack  condition  of  ayatem  for  effecta 
at  varloua  levela, 

b)  Repair  methoda  and  equipment,  materia  la  and  peraonnul 
needed  to  initiate  recovery  and  reatoration, 

c)  PrioritJ.ee, 

d)  Alternate  couraaa  of  action, 

4)  Determine  vulnerability  reduction  meaaurea, 

3)  Formulate  program  for  hardening  with  reaaonable  achievement  datee. 


Establish  Witir  Supply  and  Distribution  Requirement* 

1)  For  normal  and  emergency  condition*} 

a)  Monitor  supply  for  radiological,  chemical  and  biological 
quality, 

b)  Eatabliah  baseline*  on  water  quality  level*, 

2)  For  emergency  condition**. 

a)  Determine  water  need*  for  potable,  aanitary,  decontamination, 
fire  fighting,  Industrial,  and  agricultural  water, 
h)  Prepare  guideline*  for  water  allowance*,  priorities,  rationing 
and  time-phasing  of  estimated  water  requirement*, 

c)  Determine  guideline*  for  minimum  supplies,  equipment,  man¬ 
power  and  organisation  to  meet  water  requirement*, 

d)  Establish  procedures  and  prepare  for  emergency  treatment, 
pumping,  and  distribution  of  water, 

(1)  Provide  for  both  fixed  and  mobile  equipment, 

(2)  Establish  improvised  operation  within  utility  system, 

(3)  Provide  for  stations  for  service  of  emergency  water, 

e)  Locate,  Inventory,  and  prepare  plan  for  use  of  potential 
emergency  water  sources , 

(1)  Utility  system  (improvised  operation  under  emergency 
conditions) , 

(2)  Auxiliary  sources  (utility,  industrial,  private  and 
other  supplies), 

(3)  Distant  sources  (hauled,  emergency  linos,  etc,). 

Provide  Communications 


1)  Study  and  coordinate  all  possible  means  of  communication, 

2)  Bring  existing  facilities  up  to  an  acceptable  level, 

a)  Provide  fixed  and  mobile  units, 

b)  Provide  communication  between  all  critical  locations, 

c)  Provide  standby  power  and  on-site  storage  of  fuel  and 
generators  at  command  and  control  points, 

3)  Provide  trained  communications  personnel, 

4)  Prepare  procedures  for  release  of  Information  to  the  public, 

a)  Designate  personnel  to  be  in  charge  of  release  of  information, 

b)  Establish  relations  with  press  and  radio, 

c)  Establish  procedures  for  use  of  loud-speakers,  leaflets, 

d)  Prepare  releases  in  advance  for  emergency  conditions  likely  to 
develop, 

e)  Prepare  emergency  placards  and  signs  in  advance. 


E ■  t «ib  1  1  w h  Personnel  Protection 

1)  Eh L/ih  1  lull  Shelter  Program. 

a)  Determine  number  ami  location  of  shelters  needed, 

b)  Determine  effectiveness  of  existing  structures  an  shelters, 

c)  Provide  shelters  for  personnel  at  each  oaaentiul  operating 
unit , 

<I)  Harden  existing  a  true  (urea  aa  needed, 

e)  Provide  shelters  in  new  structures , 

f)  Establish  family  shelter  program, 

g)  Provide  communication  with  command  and  control  point, 

h)  Provide  adequate  space,  equipment,  supplies,  facilities 
in  each  shelter, 

i)  Provide  for  assembly  of  jmerguncy  utility  uml  auxiliary 
personnel  in  shelters, 

2)  Give  personnel  civil  defense  personal  survival  training, 

Provide  Radiological  Monitoring  and  Training 

1)  Provide  monitoring  equipment  at  dispersed  locations, 

a)  Establish  procedures  for  monitoring  radiation  in  shelters 
and  work  ave>'s. 

b)  Establish  procedures  for  sampling  water  supply,  analysing  and 
reporting  results  under  emergency  conditions  of  radiological 
fallout, 

c)  Provide  dosimeters  and  establish  methods  for  keeping  accumu¬ 
lated  dose  records, 

d)  Develop  lab  to  run  samples  as  quickly  and  efficiently  as 
possible, 

e)  Provide  for  reporting  of  radiological  monitoring  results  to 
control  cantors, 

f)  Provide  for  servicing  of  monitoring  equipment, 

2)  Train  regular  and  auxiliary  personnel  in  radiological  protection, 

a)  Use  of  monitoring  equipment, 

b)  Radiation  guide  lines, 

c)  Guide  lines  fur  decontamination  procedures, 

d)  Guide  linos  for  time  and  stay-time, 

>.')  Maintenance  and  protection  of  radiological  equipment, 

1)  Provide  routine  test  exercises  to  familiarise  personnel  with 

emergency  procedures. 


PLAN  POSTATTACK  OPERATION 

Provide  for  tima-phnied  procedure!  toi 

1)  Activate  disaster  organisation. 

2)  Mobilise  available  diaaatar  ataff. 

3)  Place  into  operation  procedure!  for  protection  of  paraonnal, 

4)  Initiate  lialaon  with  other  utility  unite  and  mutual  aid 
organisation!. 

3)  Make  reconnaissance  of  lurviving  facilitiei  and  assessment 
of  damage. 

6)  Determine  priority  of  action!. 

7)  Decontaminate  where  necenary. 

8)  Initiate  procedural  for  operation  lurviving  facilitiei. 


a)  Water  conservation. 

b)  Isolate  damaged  facilitiei. 
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APPENDIX  A 


PACTS  ON  RADIATION  AND  FALLOUT 

Tli  1  m  In  appended  id  a  aeparate  attachmant  to  thl 
report , 


APPENDIX  B 


GLOSSARY 


ABSORPTION:  The  reduction  of  radiation  Intensity  as  a  result  of  the  transfer 
of  energy  from  the  radiation  to  a  substance  through  which  It  passes. 

AIR  BURST:  The  explosion  of  a  nucloar  woapon  at  such  a  height  that  the  ex¬ 
panding  ball  of  fire  does  not  touch  the  earth's  surface.  There  la  vory 
little  early  fallout  from  such  a  dotonatlon. 

ALPHA  PARTICLE:  A  particle  emitted  spontaneously  from  the  nuclei  of  some 
radioactive  elements.  It  is  identical  with  a  helium  nucleus,  having 
a  mass  of  four  units  and  electric  charge  of  two  positive  units.  See 
Radioactivity. 

ATOMIC  BOMB  (OR  WEAPON):  A  term  sometimos  applied  to  nuclear  weapon  utilis¬ 
ing  fission  onergy  only.  See  Fission,  Nuclear  Weapon. 

ATOMIC  CLOUD:  See  Radioactive  Cloud. 

ATTENUATION:  Decrease  In  intensity  of  a  signal,  beam,  or  wave  as  a  result 
of  absorption  of  energy  and  a  scattering  out  of  path  of  detector,  but 
not  Including  the  reduction  due  to  geometric  spreading;  l.e.  the  Inverse 
square  of  distance  effect. 

BACKGROUND  RADIATION:  A  term  used  to  describe  the  natural  radiation  of  the 
earth  and  Its  atmosphere.  It  consists  of  cosmic  radiation  and  radio¬ 
activity  In  the  earth,  air,  and  water.  The  main  sources  of  background 
radiation  are  potassium-40,  thorium,  uranium,  and  their  decay  products, 
Including  radium,  and  cosmic  rays. 

BARRIER  SHIELDING:  Shielding  accomplished  by  Interposing  a  physical  barrier 
between  a  given  point  and  radiation  source, 

BETA  PARTICLE:  A  high-speed  electron  emitted  spontaneously  from  the  nuclei 
of  certain  radioactive  elements,  Most  of  the  fission  fragments  from 
nuclear  weapons  emit  beta  particles. 

BLAST  WAVE:  A  pulso  of  air  In  which  the  pressure  increases  sharply  at  the 
front,  accompanied  by  winds,  propagated  continuously  from  an  explosion. 

See  Shock  Wave, 

CIVIL  DEFENSE:  Civil  Defense  is  the  sclonce  and  technology  of  advanced  pre¬ 
paredness  to  war  problems,  analysing  thn  problems  to  determine  the 
relative  risks  of  specific  actions,  developing  plans,  hardening  facilities 
acquiring  or  stockpiling  resources  of  supplios  and  tools,  and  training 
people  in  survival  knowledge  and  skills. 


CONFLAGRATION:  A  big  fire  caused  by  a  Joining  of  a  good  numbar  of  acattarad 
fire*  originated  by  irnitlon  of  many  combuatlbla  materials  through 
tharmal  radiation. 

CONTAMINATION:  A  deposit  of  radioactive  material  in  any  place  where  it  ia 
not  desired,  the  deposit  ia  the  CONTAMINANT. 

COUNTERMEASURE:  All  preparedneaa  measures  taken  to  act  against  destruction 
or  disaster, 

CURIE:  The  curie  is  a  measure  of  the  activity  or  strength  of  a  sample  of 
radioactive  material.  It  is  the  quantity  of  any  radioactive  apecles  in 
which  3.700  x  10^°  nuclear  disintegrations  occur  per  second.  Because 
of  the  large  slse  of  this  unit,  the  microcurie  (one  millionth  of  a  curie 
of  10“”  curie)  and  the  plcocurle  (micromicrocurie  or  10“**)  are  more 
commonly  used. 

DECAY  (OR  RADIOACTIVE  DECAY):  The  decrease  in  activity  of  any  radioactive 
material  with  the  passage  of  time,  due  to  the  spontaneous  emission  from 
the  atomic  nuclei  of  either  alpha  or  beta  particles,  sometimes  accompanied 
by  gamma  radiation. 

DECONTAMINATION:  The  removal  of  unwanted  radioactive  contaminant  from  a 
material,  s.g,,  water,  air,  or  from  surfaces  of  objects  of  interest, 
e.g.  buildings,  streets. 

DELAYED  (WORLD-WIDE)  FALLOUT:  Small  radioactive  contaminated  particles 
which  ascend  into  the  upper  troposphere  and  into  the  stratosphere  and 
are  carried  by  winds  to  all  parts  of  the  earth,  mainly  by  rain  and  snow, 
over  extended  periods  ranging  from  months  to  years, 

DIRTY  WEAPON:  One  which  produces  a  larger  amount  of  radioactive  residues 
than  a  "normal"  weapon  of  the  same  yield, 

DISTANCE  SHIELDING:  Sea  Geometry  Shielding, 

DOSE:  A  quantity  of  ionising  radiation,  The  term  dose  Is  often  used  in  the 
sense  of  exposure  dose,  expressed  In  roentgens,  which  is  a  measure  of 
the  total  amount  of  ionisation  that  the  quantity  of  radiation  could 
produce  in  air, 

DOSE  RATE:  The  amount  of  ionising  (or  nuclear)  radiation  to  which  an  in¬ 
dividual  would  be  exposed  per  unit  of  time.  It  is  usually  expressed 
as  roentgens  per  hour  or  in  submultiples  of  these  units,  such  as 
mllllrocntgsns  per  hour.  The  dose  rate  is  commonly  used  to  indicate 
the  level  or  radioactivity  in  a  contaminated  area, 

DOSIMETER:  An  Instrument  for  measuring  and  registering  total  accumulated 
exposure  to  ionising  radiation. 


DYNAMIC  PRESSURE:  The  air  pressure  which  results  from  the  maaa  air  flow 
(or  wind)  behind  Lite  shock  front  of  a  blast  wave. 

EARLY  (LOCAL)  FALLOUT:  The  radioactive  contaminated  particles  which  roach  the 
earth  within  24  hours  after  a  nuclear  explosion, 

ELEMENT:  Ono  of  the  distinct .basic  varieties  of  matter  occurring  in  nature 
which,  individually  or  in  combination,  compose  substances  of  all  kinds, 
Approximately  ninety  different  elements  are  known  to  exiat  in  nature 
and  several  others,  including  neptunium  and  plutonium,  have  been 
obtained  as  a  result  of  nuclear  reactions  with  these  olements, 

ENERGY:  Capacity  for  performing  work, 

EXPOSURE  CONTROL:  Procedures  taken  to  keep  radiation  exposures  of  individuals 
or  groups  from  exceeding  a  recommonded  level,  such  as  keeping  outside 
missions  as  short  as  possible, 

EXPOSURE  DOSE:  See  Dose 

EXTERNAL  RADIATION:  Exposure  to  ionising  radiations  coming  from  a  source 
outside  the  body, 

FALLOUT:  The  process  or  phenomenon  of  the  fall  back  to  the  earth's  surface 
of  particles  contaminated  with  radioactive  maLerial  from  a  nuclear 
weapon,  The  term  is  also  applied  in  a  collective  sense  to  the  con¬ 
taminated  particulate  matter  itself, 

FALLOUT  MONITORING  STATION:  A  designated  facility  such  as  a  fire  station, 
police  or  public  works  building,  or  a  community  shelter  which  has  a 
protection  factor  of  at  least  100  and  relatively  reliable  communications. 
It  may  be  established  with  a  minimum  of  two  trained  radiological 
monitors  but  as  promptly  as  feasible  the  number  should  be  increased  to 
four. 

FALLOUT  PATTERN:  Characteristics  of  the  process  or  phenomenon  of  tho  fall 
back  of  radioactive  contaminated  particles  from  a  nuclear  explosion 
to  the  earth's  surface, 

FALLOUT  MODEL:  A  predicted  specimen  of  dose-rato  contour  for  early  fallout 
at  specified  time  period  aftor  a  nuclear  explosion  for  an  assumed 
yield,  type  of  burst,  and  meteorological  condition, 

FIREBALL:  The  luminous  sphere  of  hot  gases  which  form  a  few  millionth  of  a 
second  after  a  nucloar  (or  atomic)  explosion  as  the  result  of  tho 
absorption  by  the  surrounding  modlum  of  the  thermal  x-rays  omitted  by 
the  extremely  hot  (several  tens  of  millions  degrees)  weapon  residues. 

The  exterior  of  the  fireball  in  air  is  initially  sharply  defined  by 
the  luminous  shock  front  and  later  by  the  limits  of  the  hot  gases 
themselves  (rauiatlon  front). 


KIRK  STORM:  Stationary  wash  lire,  generating  strong,  in-rushing  winds  from 
all  siden;  the  winds  keep  the  lire  from  spreading  while  adding  fresh 
oxygen  to  increase  their  intensity, 

FISSION:  The  nuclear  process  whereby  the  nucleus  of  a  heavy  element  splits 
into  two  nuclei  of  lighter  elements  and  releases  a  substantial  amount 
of  energy,  The  most  important  fisMionablc  materials  are  uranium-235 
and  plutonlum-239'  This  process  provides  the  energy  for  the  atomic 
bomb  and  nuclear  reactors, 

FISSION  FRACTION:  The  fraction  (or  percentage)  of  the  total  yield  of  a 
nuclear  weapon  which  is  due  to  fission.  For  thermonuclear  weapons 
the  average  value  of  the  fission  fraction  is  about  50  parcont, 

FISSION  PRODUCTS:  A  general  term  for  the  complex  mixture  of  substances 

produced  as  a  result  of  nuclear  fission.  The  complex  mixture  of  fission 
products  contains  about  200  different  isotopes  of  36  elements, 

FLAME  BURN:  Indirect  (or  secondary)  skin  burn  that  would  accompany  (or  are 
caused  by)  any  large  fire  no  matter  what  its  origin, 

FLASH  BURN:  A  burn  caused  by  excessive  exposure  (of  bare  skin)  to  thermal 
radiation,  Sea  Thermal  Radiation, 

FRACTIONATION:  Any  one  of  several  processes,  apart  from  radioactive  decay, 
which  results  in  change  in  the  composition  of  the  radioactive  weapon 
debris, 

FUSION:  Tlu*  process  whereby  the  nuclei  of  two  light  elements  combine  to 
form  the  nucleus  of  a  heavier  element  with  the  reloase  of  substantial 
amounts  of  energy,  It  occurs  most  readily  with  hydrogen  and  its  isotopes, 
and  it  provides  tho  energy  tor  the  hydrogen  or  thermonuclear  homb, 

GAMMA  RAY:  A  penetrating  radiation  of  high  energy  omitted  by  a  radioactive 
nucleus,  It  is  of  the  same  general  nature  as  X-rays  and  ordinary  light, 
though  more  energetic,  Gamma  rays  can  penetrate  considerable  thick¬ 
nesses  of  matter, 

GEOMETRY  SHIELDING:  Shielding  accomplished  by  distance  from  source  of 
radiation, 

GROUND  ZERO:  The  point  an  the  surface  of  land  or  water  vertically  below 
or  above  the  center  of  a  burst  of  a  nuclear  (or  atomic)  weapon; 
frequently  abbreviated  to  (JZ, 

HALF-LIFE:  The  time  required  for  the  activity  of  a  given  radioactive  species 
to  decrease  to  half  of  Un  Initial  value  due  to  radioactive  decay.  The 
half-life  is  a  characteristic  property  of  each  radioactive  species  and 
la  independent  of  its  amount  or  condition, 


HALF  VALUE  THICKNESS:  Hu*  thickness  ol  a  gi von  material  wliicn  ..*11  absorb 
hall'  L lu<  gamma  radiation  incident  upon  it.  This  thickness  depends  on 
the  nature  of  the  material  -  it  is  roughly  inversely  proportional  to 
its  density  -  and  also  on  the  energy  of  gamma  rays. 

(H  +  t)  HOUR:  t  hours  alter  nuclear  explosion, 

HARDENING;  All  measures  taken  to  strengthen  facilities  so  that  vital  parts 
will  resist  the  damaging  effects  of  attack. 

INDUCED  RADIOACTIVITY i  Radioactivity  produced  in  certain  materials  as  a  result 
of  nuclear  reactions,  particularly  the  capture  of  neutrons,  which  are 
accompanied  by  the  formation  of  unstable  (radioactive)  nuclei.  The 
activity  induced  by  neutrons  from  a  nuclear  (or  atomic)  explosion  in 
materials  containing  the  elements  sodium,  manganese,  silicon,  aluminum 
or  uranium  may  be  significant  in  some  cases, 

INITIAL  NUCLEAR  RADIATION:  Nuclear  radiation  (oaaontlally  neutrons  and  gamma 
rays)  emitted  from  the  fireball  and  the  cloud  column  during  the  first 
minute  aftor  a  nuclear  (or  atomic)  explosion, 

INTENSITY:  The  energy  (of  any  radiation)  incident  upon  (or  flowing  through) 
unit  area,  perpendicular  to  the  radiation  beam  in  unit  time. 

INTERNAL  RADIATION:  The  radiation  exposure  resulting  from  the  deposition 
of  radioactive  materials  within  the  body, 

IONIZING  RADIATION:  Electromagnetic  radiation  (gamma  rays  or  x-rays)  or 

particulate  radiation  (alpha  particles,  bota  particles,  neutrons,  etc.) 
capablo  of  producing  lone,  l.e.,  electrically  charged  particles,  directly 
or  indirectly,  in  its  passage  through  matter, 

ISOTOPES:  Forms  of  the  same  element  having  identical  chomlcal  properties 
but  differing  in  their  atomic  masses  (due  to  different  numbers  of 
neutrons  in  their  respective  nuclei)  and  in  their  nuclear  properties. 

Some  isotopes  are  stable  and  others  are  radioactive, 

KILOTON  (KT):  A  unit  of  energy  of  a  nuclear  (or  atomic)  explosion  which  is 
equivalent  to  that  produced  by  the  explosion  of  1  kiloton  (1,000  tons) 
of  TNT,  i.e,,  10 1 2  calories  or  4,2  x  10*9  ergs, 

LOCAL  FALLOUT:  See  Early  Fallout, 

MACH  FRONT:  Tile  shock  front  formed  by  the  fusion  of  the  incident  and  re¬ 
flected  shock  fronts  from  an  explosion,  The  term  is  generally  used  with 
reference  to  blast  wave,  propagated  in  the  air,  reflected  at  the  surface 
of  the  earth.  The  Mach  front  is  nearly  perpendicular  to  the  reflecting 
surface  and  presents  a  slightly  convex  (forward)  front. 


MASS  THICKNESS:  A  measure  of  barrier  effect  axpraaaad  by  pounds  par  square 
foot  of  shielding  matarlal, 

MEGATON:  Tha  unit  of  anargy  of  a  nuclaar  explosion  which  la  aqulvalant  to 
1,000,000  tona  (or  1,000  kllotons)  of  TNT,  i.a,,  10^  caloriaa  or 
4,2  x  1022  crga, 

Mov  (million  alactron  volt):  Unit  uaad  for  expressing  tha  energy  ralaaaad  In 
nuclear  reaction;  it  is  equivalent  to  1,6  x  10"°  erg  or  1,6  x  10" 1 3  Joule 

MONITOR:  An  Individual  trained  to  measure,  record,  and  report  radiation  doaa 
and  doae  rates;  provide  limited  field  guidance  on  radiation  hasards 
associated  with  operations  to  which  he  la  assigned;  and  perform 
operator's  maintenance  of  radiological  Instruments, 

MONITORING:  Tha  procedure  or  operation  of  locating  and  measuring  radioactive 
contamination  by  moans  of  survey  instruments  which  can  detect  and  maaaura 
as  doaa  rate,  ionising  radiations, 

NEUTRON:  A  nuu.ral  particle,  with  no  electrical  charge,  having  about  tha 
same  mass  as  the  preton,  end  present  in  ell  etomic  nuclei,  except  those 
of  ordinary  (or  light)  hydrogen.  Neutrons  are  required  to  initiate  tha 
fission  procese,  and  large  numbers  of  neutrons  ere  produced  by  both 
fission  and  fusion  reactions  in  nuclear  explosions, 

NUCLEAR  RADIATION:  Particulate  and  electromagnetic  radiation  emitted 

from  atomic  nuclei  in  various  nuclear  processes*  Tha  important  nuclear 
radiations,  from  the  weapons  standpoint,  ere  alpha  and  beta  particles, 
gamma  rays,  and  neutrons,  All  nuclear  radiations  are  Ionising  radiations, 
capable  of  producing  ions  directly  or  indirectly  in  its  pasaage  through 
matter  Including  living  tissue, 

NUCLEUS:  The  central,  positively  charged  core  of  the  atom  which  carries 
essentially  all  the  mass.  It  consists  of  neutrons  and  protons,  and  the 
number  of  protons  is  the  same  for  all  the  atomic  nuclei  (or  Isotopes) 
of  a  given  chemical  element,  The  nuclear  properties,  e,g,,  radioactive 
or  stable,  of  an  isotope  of  a  given  element  are  determined  by  both 
the  number  of  neutrons  and  number  of  protons, 

OUTSIDE  DOSE  (OR  UNSHELTERED  DOSE):  The  dose  outdoors,  away  from  buildings, 

OUTSIDE  DOSE  RATE  (OR  UNSHELTERED  DOSE  KATE)  I  The  dose  rate  outdoors,  away 
from  buildings, 

OVERPRESSURE:  The  transient  pressure,  usually  expressed  in  pounds  par  square 
inch,  exceeding  the  ambient  pressure,  manifested  in  the  shock  (or  blast) 
wave  from  an  explosion, 

PEAK  OVERPRESSURE:  The  maximum  overpressure  value  at  the  blast  front. 


PROTECTION  FACTOR]  A  factor  used  to  express  the  ralatlon  batwaan  tha  amount 
of  fallout  gamma  radiation  that  would  be  raceivad  by  u  person  outalda 
a  ahaltar  compared  to  the  amount  ho  would  receive  If  he  ware  in  tha 
shelter* 

RAD:  A  unit  of  absorbed  dosa  of  radiation}  it  represents  the  absorption  of 
100  ergs  of  nuclear  radiation  per  gram  of  the  absorbing  material  or 
tissue. 

RADIATION  DOSE:  See  Dose. 

RADIATION  EXPOSURE  RECORD:  The  card  issued  to  individuals  for  recording 
their  personal  radiation  exposure  doses. 

RADIATION  INJURY:  The  harmful  affects  caused  by  ionising  radiation. 

RADIATION  SICKNESS:  Tha  complex  of  symptoms  characterising  tha  disease  known 
as  radiation  sickness,  resulting  from  excessive  exposure  of  the  whole 
(or  a  large  part)  of  tha  body  to  ionising  radiation.  The  earliest  of 
these  eymptoms  are  nausea,  vomiting,  and  diarrhea,  which  may  be  followed 
by  loss  of  hair,  hemorrhage,  inflammation  of  mouth  and  throat,  and 
general  loss  of  energy.  In  severe  cases,  where  the  radiation  exposure 
has  bean  relatively  Urge,  death  may  occur  within  two  to  four  weeks. 

Those  who  survive  six  weeks  after  exposure  to  a  single  dose  of  radiation 
may  generally  be  expected  to  recover. 

RADIOACTIVE  CLOUD:  An  all-inclusive  term  for  the  mixture  of  hot  gases,  smoke, 
dust,  and  other  particulate  matter  from  the  weapon  itself  and  from  tha 
environment,  which  is  carried  aloft  in  conjunction  with  tha  rising 
fireball  produced  by  the  detonation  of  a  nuclear  weapon. 

RADIOACTIVITY :  The  spontaneous  emission  of  radiation,  generally  alpha  or 
beta  particles,  often  accompanied  by  gamma  rays,  from  the  nuclei  of  an 
unstable  isotope.  As  a  result  of  this  emission  tha  radioactive  Isotope 
is  converted  into  tha  isotope  of  a  different  element  which  may  (or  may 
not)  also  be  radioactive.  Ultimately,  as  a  result  of  one  or  more  stages 
or  radioactive  decay,  a  stable  (non-radloactlve)  and  product  is  formed. 

RADI0I80T0FE i  An  unstable  nuclide  which  emits  particulate  and/or  electro¬ 
magnetic  radiation  in  the  process  of  transforming  to  a  stable  state. 

RADIOLOGICAL  COUNTERMEASURE  I  Preparedness  measures  taken  to  minimise  tha 
effect  of  nuclear  radiation  on  people  and  resources. 

RADIOLOGICAL  DSPSNSEs  Tha  organised  effort,  through  warning,  detection,  and 
preventive  and  remedial  measures,  to  minimise  the  effect  of  nuclear 
radiation  on  people  and  resources, 

REDUCTION  FACTOR:  Tha  reciprocal  value  of  the  protection  factor. 


REMs  A  unit  of  biological  dose  of  radiation;  tha  name  ia  darivad  from  tha 
initial  letters  of  the  term  "rad  equivalent  man  (or  mammal),"  Tha 
radiation  dole  in  roma  ia  equal  to  the  doae  in  rada  multiplied  by  the 
RBE  of  the  given  radiation  (for  a  apecifiad  effect), 

RESIDUAL  NUCLEAR  RADIATION  I  Nuclear  radiation,  chiefly  beta  particlaa  and 
gamma  raya,  which  paraiata  for  aoma  time  following  a  nuclear  axploaion, 
The  radiation  la  emittud  mainly  by  the  flaaion  producta  and  other  bomb 
reaiduea  in  tha  fallout, 

ROENTGEN)  A  unit  of  exposure  doae  of  gamma  (or  X)  radiation,  It  ia  that 
expoaure  which  in  0,001293  gram  of  air  will  produce  Iona  carrying  one 
o lectroa tntic  unit  of  electricity  or  charge.  Thla  energy  abaorption 
amounta  to  about  88  arga  par  gram, 

SHELTER)  A  habitable  atructura  or  apace  atockad  with  aaaantlal  provlalona 
and  uaad  to  protect  lta  occupanta  from  fallout  radiation. 

SHIELDING)  Any  material  or  obatruction  which  abaorba  radiation  and  thua 
tanda  to  protect  paraonnal  or  matarlala  from  tha  affacta  of  a  nuclear 
axploaion.  A  conaldarabla  thickneaa  of  high  danalty  material  may  ba 
naadad  for  nuclear  radiation  shielding,  especially,  In  tha  eeae  of  gamma 
radiation, 

SKYSHINE)  Radiation,  particularly  gamma  rays  from  a  nuclaar  axploaion, 

reaching  a  target  from  many  directions  aa  a  result  of  scattering  by  tha 
oxygen  and  nitrogen  in  the  intervening  atmosphere. 

SHOCK  WAVE)  A  continuously  propagated  pressure  pulaa  (or  wava)  in  tha  sur¬ 
rounding  medium  which  may  ba  air,  water,  or  earth,  initiated  by  tha 
expanalon  of  the  not  gasea  produced  in  an  axploaion,  A  ahock  wave  in 
air  la  generally  referred  to  as  a  blast  wave,  becauae  it  resembles  and 
is  accompanied  by  strong,  but  transient,  winds, 

SLANT  RANGE)  Tha  distance  from  a  given  location,  usually  on  tha  earth's 
surface,  to  the  point  at  which  the  explosion  occurred. 

STANDARD  INTENSITY)  Tha  energy  (or  any  radiation)  incident  upon  (or  flowing 
through)  unit  area,  perpendicular  to  the  radiation  beam  in  unit  time, 

SUBSURFACE  BURST)  Sea  Underground  Burst,  Underwater  Burst, 

SURFACE  BUR8T t  The  explosion  of  a  nuclear  (or  atomic)  weapon  at  the  surface 
of  the  land  or  water  or  at  a  height  above  the  surface  leas  than  the 
radius  of  the  fireball  at  maximum  luminosity,  Such  a  detonation  results 
in  the  maximum  amount  of  early  fallout, 

THERMAL  RADIATION)  Electromagnetic  radiation  emitted  (in  two  pulaea  from  an 
air  buret)  from  the  fireball  aa  a  consequence  of  its  very  high  tempera¬ 
ture;  it  consists  essentially  of  ultraviolet,  visible,  and  infra-red 
radiations , 


THERMONUCLEAR  WEAPON:  A  bomb  in  which  part  of  the*  oxploaive  energy  la  ob¬ 
tained  from  nuclear  fualon  react  Iona.  The  energy  range ■  from  hundred! 
of  thoueanda  to  million!  of  ton*  of  TNT-equivalvnt . 

TNT  EQUIVALENT:  A  meaauru  of  the  energy  releaaed  in  the  detonation  of  a 

nuclear  (or  atomic)  weapon,  or  in  the  axploalon  of  fiaalonable  material, 
expreeaed  in  terma  of  the  weight  of  TNT  which  would  raleaae  the  aame 
amount  of  energy  when  exploded.  The  TNT  equivalent  ia  uaually  atated 
in  kilotona  or  megatona.  The  haaia  of  the  TNT  equivalent  ia  that  the 
axploalon  of  1  ton  of  TNT  releaaea  10®  calorie!  of  energy. 

UNDERGROUND  BURST:  The  exploaion  of  a  nuclear  (or  atomic)  weapon  with  1 1 a 

center  more  than  3  Wf'*3  feet,  where  W  ia  the  exploaion  yield  in  kilotona, 
beneath  the  aurface  of  the  ground, 

UNDERWATER  BURST:  The  exploaion  of  a  nuclear  (or  atomic)  weapon  with  lea 
center  beneath  the  aurface  of  the  water. 

UNIT-TIME  REFERENCE  DORR  RATE  I  The  ratio  of  the  approximate  expoaure  doae 
rate  (in  roentgen/hr)  at  any  time  after  the  exploaion  to  a  convenient 
reference  value, 

UFPER-AXK-FALLOUT  (UF)  WIND  DATA:  The  UF  wind  data  are  raportad  by  U.  S. 
Weather  Bureau  upper-air  obaerving  atatlona  two  to  four  tlmea  dally 
indicating  the  direction  and  diatance  from  ground  aero  where  partlclea, 
falling  from  varioua  levela  in  a  nuclear  axploalon  cloud  (10,  20,  40, 

60  end  80  thouaand  feet)  are  requiring  three  houra  to  reach  the  ground, 
will  land, 

WORLD-WIDE  FALLOUT:  See  Delayed  Fallout. 

YIELD:  The  total  effective  energy  raleaaed  in  a  nuclear  (or  atomic)  explo¬ 
aion.  It  la  uaually  expraaaed  in  terma  of  the  equivalent  tonnage  of 
TNT  required  to  produce  the  aame  energy  releaae  in  an  exploaion,  The 
total  energy  yield  la  manlfaated  aa  nuclear  radiation,  thermal  iadla- 
tlon,  and  ahock  (and  bleat)  energy,  the  actual  die tribution  being  de¬ 
pendent  upon  the  medium  in  which  the  exploaior  uccura  (primarily)  and 
alao  upon  the  type  of  weapon  and  the  time  after  detonation, 

YIELD,  FISSION:  That  portion  of  fha  total  yield  of  a  nuclear  detonation 

attributable  to  the  fiaalon  proctaa,  A  one-kiloton  fiaalon  yield  deto¬ 
nation  reaulte  from  1,43  x  10*3  fiaalon  eventa, 

YIELD,  FUSION:  That  portion  of  tho  total  yield  of  a  nuclear  detonation 
attributable  to  the  fualon  proceaa, 
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Air  burst,  6,  7,  10,  12,  13,  13 
affected  area,  9,  27 
blast  effect ,  11,  23 
definition,  6 
distribution  of  energy,  3 
radiation  effect ,  6 
thermal  effect,  6,  9,  27 
Alpha  partlclee,  13,  11A* 
penetrating  power,  30 
Assessment,  21 

fallout  haaard,  33 
postattack,  1,  63,  67 

physical  damage  of  water  supply  system,  71 
of  plant  operation,  1,  63 
radioactivity  of  environment,  67 
radioactivity  of  water  supply,  68,  69 
indirect  method,  68,  69 
utility  vulnerability,  sea  Damage 
Atmospheric 

transmittance,  23,  26,  27 
Atomic  bomb  (or  weapon),  set  Nuclear  weapon 
cloud,  6,  8,  13 

explosion,  see  Nuclear  explosion 
Attenuation,  31 

Barrier  shielding,  see  Shielding 
Beta  particles,  13,  11A* 
penetrating  power,  30 
Biological  effects,  radiation 
exposure  on  personnel,  17 
visible,  17 
work  condition,  17 
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Blot  mid  ahoek,  1,  2,  4,  3,  10,  11,  12,  22 
air  burat ,  1 1 ,  23 
araaa  affactad,  11,  23,  66 
eonaldarationa  to  watarworka  atructuraa,  63 
damaga a 

cquipmant  and  atructuraa,  10,  11,  12,  23,  37,  38,  39,  41,  42,  43,  44 
paraonnal,  10,  11 

aardrum,  12,  11 
lunga,  12,  11 
ylald  ralationahlp,  11 
affacta,  computation  of  probabla,  23 
anargy-dlatanca  ralationahlp,  11 
ganaral  propartlaa,  10 
Mach  front,  10 

ovar-praaaura ,  affactlva  ranga  and  wtapon  ylald  ralationahlp,  11 
damaga  cauaad  by,  11 

praaaura 

dynamic  (wind),  12 
nagatlva,  10 
ovar,  aea  Ovar-praaaura 
protactlon,  61 

atructural  daalgn  (raalat  to),  62 
aurfaca  burat,  10,  11,  23 
unit,  22 

vulnarablllty,  watar  aupply  ayatam,  21,  103;  104,  103 
damaga  affacta,  11 

axampla  of  aaaoMamant,  41,  42,  43,  44 
Kuidaa  to  aaaaaamant,  37,  38  39 

wava,  10,  12,  22,  62,  2A*,  3A* 
wind,  10,  12 
Burn  7,  10,  11A* 

to  ayaa,  24,  62 
flrat  dagraa,  flaah,  9 
flama,  7 

flaah  (dlract),  7,  62 
lnjuriaa,  7 

aacond  dagraa,  flaah,  9,  7,  24 
akin,  7,  62 

third  dagraa  flaah,  24 
ultravlolat  flaah,  7 

Burat 

air,  6,  7,  13,  13,  2A* 
aubaurfaca,  6,  3A* 
aurfaca,  6,  7,  8,  10,  11,  25 
typaa,  6,  2A* 

Chain  raactlon,  12A* 
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Civil  Defense,  1,  2,  65,  74 

agencies  ,  sen  Organise t  Ion 
Clothing,  protection,  56 
Cloud,  radioactive,  6,  8,  3A*,  5A* 

Communications,  65,  67,  67,  6B 
equipment,  46,  109,  114 
postattack,  65,  67,  68,  106 
Conf lagration,  23 

Contamination,  radioactive,  Bee  Fallout,  Shelter 
from  air  burat,  13 

from  aaaumed  attack  on  U.S.A,,  48,  49 

alpha  particle,  15 

area  affected,  13,  23,  24 

beta  partlclea,  15 

decay  rate,  15 

dlatrlbutlon  patterns,  13,  14,16,  17 

environment,  66,  67 

of  food,  56 

gamma,  10,  15,  27 

from  surface  burat,  24 

water,  68,  69 

water  supply  system,  68 

indirect  method,  estimation,  69,  70 
Countermeasures ,  22A*,  23A*,  2 4 A* 

Crater,  3A* 

Curie,  definition,  10A* 

Damage 

from  blast  and  shock,  see  Blast  and  shock 
communication  equipment,  46 
from  thermal  radiation,  ass  Thermal  radiation 
Decay,  radioactive  13,  2A*,  4A*,  15A*,  24A* 
curve,  30 

fission  products,  15 
rate,  15,  54,  15A* 

Decontamination,  radioactive,  57  ,  76,  4A<> 
methods,  77 
operation,  109 

personnel  protection,  in,  76 
postatrack  operation,  109 
surface,  78,  79,  80 
in  water,  98 
Debris,  10,  IA*,  3A* 
removal,  76 
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Delayed  fallout,  1  ),  2.1,  24,  66,  1  7A* 

Detonation,  nuclear  weapon,  1,  4,  5,  7,  11,  54,  1A*,  2A*,  3A* 

Dirty  weapon,  18 

Disaster  plan,  100 

check  lUta,  112,  UJ,  114,  115,  116 
communications,  106 

decontaminat Ion  operation,  radioactive,  109 
mutual  aid,  101 

organisation,  109 

personnel  protection,  107,  108 

postattack  operation,  109 

radiological  monitoring,  see  Monitoring 

records,  maintenance,  102,  103 

aecurlty,  101 

stockpile  inventory,  102 

water  supply  and  distribution,  105,  106 

Dose 

biological  effects,  17 
contaminated  water,  68,  69,  70 
exposure,  control,  94 

guide  to  permissible  activities,  55 
limit  for  personnel,  17,  36,  71 
median  lethal  dose,  18A* 
protection  factor  for,  51 
gamma  ray,  see  Gamma  radiation 
from  initial  radiation,  see  Nuclear  radiation 
rate,  see  Nuclear  radiation 
from  residual  radiation,  see  Nuclear  radiation 
transmission  factor  of  materials,  J5 
units,  22 

Dynamic  pressure  (wind),  12 

Early,  fall.out,  12,  13,  24,  66,  6B  also  see  Fallout 
decay  curve  for,  30 
definition  of,  12 
pattern  of,  12,  13 

Earth,  shielding  material ,  35,  62,  6A*,  11A* 

Electric  system  damage,  10,  11,  37,  38,  39,  41,  42,  43,  44 

Electron,  7A* 

Emergency  plan,  see  Poatattack 

repair,  see  Poatattack,  repair 
water  source,  87,  88,  89 
water  supply  procedure,  89,  90 
water  treatment,  95,  96,  97,  98 
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Energy,  yield  of  explosion,  3,  9,  11,  2A* 

Entry  time,  31,  33,  34 

Explosion,  Atomic,  see  Nuclesr  explosion 

Exposure 

biologies!  effects,  17,  16A* 
control  of,  34 

doss,  see  Dose,  Nuclesr  rsdistion 
guides  to  permissible  activities,  33 
limits  for  personnel,  17,  36,  71 
protection  factors  for,  17,  31 
time  of,  17,  27 
Eye  injuries,  see  Injuries 

Fallout  1,  2,  6,  12,  22,  66,  1A*  3A* 

accumulated  dose,  see  Nuclear  radiation 
affected  area,  9,  13,  23,  23,  34,  48,  49,  66,  4A* 
alpha  particles,  sea  Alpha  particle 
beta  particles,  sea  Bata  particle 
building  protective  construction,  for,  56 
new  building,  38 
facilitation  of  removal,  57 
reduction  of  deposition  and  detention,  56 
control  of  exposure  to,  see  Nuclear  radiation 
decay,  radioactive,  oea  Decay 
decontamination  of,  sea  Decontamination 
delayed  (world-wide),  see  Delayed  fallout 
density,  69,  6A* 

dlsi  i'ibution  pattern,  12,  14,  13,  16,  17,  3A*,  4A*,  19 A* 
actual,  12,  13,  16 
cigar-shaped,  13,  4A* 
idealised,  12,  14,  13 
Irregular,  13,  16 
wind  effect,  13 

early  (local),  sea  Early  fallout 
effects,  24,  4A* 

biological,  17,  23,  27,  49,  51,  17A* 

exposed  skin,  6 

on  personnel,  15,  24 

on  postattack  restoration,  71 

residual,  and  water  supply,  18 

visible,  17 

working  Condition,  17 

fission  products,  mixed,  see  Fission  products,  mixed 
gamma  ray,  see  Gamma  radiation 


*  See  Appendix  A,  (separate  volume)  Facts  on  Radiation  and  Fallout, 
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Fallout  (continued) 

protact  ion,  from,  ae»  Protective  maaauraa 
radioactiva  contamination,  aee  Contamination 
radiation  laval ,  18 

radiological  monitoring,  aae  Monitoring 
raaidual,  IS,  24,  4,  3,  12 
affactad  araa,  24 
decay  rata,  15 
dafinition  of,  12 
diatribution  pattarn,  14,  13 
affacti  on  paraonnal,  IS,  17 
and  watar  aupply,  18 

Flra,  1,  7,  9,  10,  12,  23,  23,  62,  65,  22A* 
control  paraonnal,  63 
control, watar  utility,  76 
control,  watar  utility  atructura,  76 
combuatlbla  matariala,  9 
mataorlogical  af facta,  27 
origin 

by  broken  gaa  main,  10 
by  alactrlcal  abort  circuit,  10 
by  thermal  radiation,  7,  23 
apread,  probability,  23,  29 
atorm,  23 

Fireball ,  6,  7,  23,  2A*.  3A*,  4A* 
air  burat,  23 

Fiaaion  producta,  mixed,  13,  1A*,  3A*,  10A*,  11A* 

Flame  burnt,  aea  Burn 
Flaah  burna,  aaa  Burn 
Food 

radioactiva  contamination,  36 
atockpilaa  in  ahaltar,  60 
Fuaion,  1A*,  11A*,  12 A* 

Gamma  radiation  (or  raya),  10,  13,  27,  34,  51,  50,  54,  58,  11A* 
penetrating  power,  50,  16A* 
protection  factor,  51 
protection,  from,  51,  54 
tranamiaaion  factora,  matariala,  35,  51 
Oaa  ayatam,  damage,  10,  37 
Ground  aero,  8,  9,  10,  11,  13,  4A* 

Guide  to  parmiaaible  activity,  radiation,  55 
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Half-life,  radioactive,  27,  iO ,  1 2A* ,  HA*,  14A* 

V,a  1  f «vn  1  up  Lhlckiu*** 

Hardening,  2 1, AH,  103,  104,  113 
Heat,  4 

Ignition,  material*,  7,  9,  37,  18,  19,  42,  43,  44 
Initial  effect*,  Nummary,  nuclear  explosion,  12,  18 
over a  1 1 ,  12 

and  wattr  aupply  system,  13 
Injuries,  12 

hi **t ,  10,  11 

hurna ,  see  Burn,  tharmal  radiation 

eardrum,  12,  11 

eye,  24,  62 

lunga,  12,  11 

radiation,  17,  71 

Ionising  radiation,  aee  Nuclear  radiation 
Iron,  ahlalding  material,  33 
I*o top*,  BA*,  9A*,  10A* 

Laboratory  equipment  damage,  37,  42 
Lead,  ahleldlng  material,  33,  11A* 

Lethal  doae,  17,  71 

Lung  injuries,  aee  Injuriea 

Mach  front,  10 
Meaaurement,  radiation 

doalmeter,  34,  19A*,  21A* 
gamma  radiation,  10,  12 
neutrona,  10 
rate  meter,  19A* 

aurveya,  radiological,  aee  Monitoring 
aurvey  meter,  19A* 

Megacurie,  67 

Meteorological  effect!*,  21 

blaat  wave,  aee  Bleat  and  Shock 
fallout,  aee  Fallout 
firea,  aee  Fire 

Million  electron  volt  (or  Mev) ,  35,  69,  11A* 
Monitoring,  radiation,  53,  34,  68,  107,  108,  113 
evaluator,  67,  68 
handbook,  33 

instrument,  53,  34,  11A*,  19A*,  20A* 
monitor,  33 
ayatem,  22A* 
training,  of,  108,  113 


*  See  Appendix  A,  (separate  volume)  Facta  on  Radiation  and  Fallout, 
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Mutual  aid,  74,  101 ,  1 12 


Neutron,  2A*,  7A*,  10A*,  11A* 

Nuclear  attack  (weapon),  4,  7,  21,  48,  49,  63 
affected  areaa ,  23 

fallout,  ana  Fallout 
laolation,  23 
atructural  damage,  16,  23 
aaaumad  attack  on  U.S.A,,  48,  31 
fallout,  aae  Fallout 
initial  effecta,  12 
overall,  12 

and  water  supply  systems,  13 
raaidual  effecta,  18 

and  wuter  aupply  ayatama,  18 
algnlflcance  to  water  aupply  ayatem,  18 
aiaa  and  pattern,  18 
targata,  likely,  18 
Nuclear  dlaaater,  1 

Nuclear  axploaion,  1,  2,  4,  3,  10,  12,  18,  21,  22,  48,  1A*,  5A* 
characteriatica,  4 
chronological  development,  7,  8 
diatrihution  of  energy,  4 
air  burst,  3 
affecta,  4 

delayed,  13 
initial,  12 

overall,  12 

and  watar  supply  syitems,  13 
on  personnel,  22 
on  structures,  22 
on  water  aupply  systems,  22,  66 
energy 

distribution  of,  4 
air  burst,  3 
yield,  4 
heat  wave,  6 
injuries,  see  Injuries 
meteorological  condition,  22 
postattack  effect,  water  supply,  see  Postattack 
Lypas,  3,  22 

air  burst,  6 
subsurface  burst,  6 
surface  burst,  6 
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Nuclear  radiation 
air  burst,  5,  6 

alpha  particia,  at*  Alpha  particla 
Bata  particla,  aaa  Bata  particla 

datay,  aaa  Dacay 
doas,  also  aaa  Doaa 

accumulated,  19,  27,  30,  31,  71 
calculation  of,  27,  31 
nomogran,  30,  33 

avarags,  47 
danaity,  13 

rata,  17,  30,  31,  19A* 
calculation,  27,  31 
dotsrmlnatlon,  19A* 
nomogran,  32 
racord,  parsonnal,  67 
affacta,  6,  aaa  Fallout,  affact 
axpoaura,  control,  33 
affactad  araa,  24 
biological  affacta,  17,  16A* 
antry  tima,  31,  33,  34,  34,  71 
axpoaura  limit  for  parsonnal,  17,  36,  71 
gulda  to  parmiaalbla  activitlaa,  33 
protactlon  factor,  31 
vlslbla,  17 
work  condition,  17 
gamma  ray,  aaa  Ganna  radiation 
initial,  4,  3,  10,  13,  18,  22 
definition  of,  10 
affacta  on  paraonnal,  10,  24 
gamma  ray,  10,  12 
ganaral  properties,  10 
high  anargy  nautron,  10 
racord,  33,  34,  68 
intanslty,  radloactiva,  67,  70 
lntarnal  hasard,  71,  97,  11A*,  17A*,  21A*,  24A* 
laval,  18,  71 
panatratlng  powar,  12,  30 
protactlon  from,  aaa  Protective  maaauraa 
radiological  monitoring,  aaa  Monitoring 
racord,  paraonnal,  68 
raaidual,  aaa  Fallout,  raaldual 
transmission  factors  of  materials  to,  35 
unlta,  22 

vulnerability,  water  supply  system,  aaa  Water  supply  system 
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Nuclear  war,  1 

Nuclear  warfare*  1 

Nuclear  weapon,  effects,  aae  Blaat  and  Shock,  Nuclear  attack,  Nuclear 
explosion,  Nuclear  radiation,  Tharmal  radiation. 

Nucleua,  8 A* 

Organization,  1,  66,  74,  100,  101,  109 
civil  defense,  66,  74 
disaster,  100,  109,  112 
postattack,  74 

Over-pressure,  10,  11,  12 
blast  damage  effect,  11 

effect  on  structure,  10,  11,  13,  23,  37,  38,  39,  41,  42,  43,  44 
range  as  function  of  energy  yield,  11 

Personnel  affects,  see  Injuries 

Postattack 

action,  priority,  72,  73 
assessment,  of,  65 ,  67 
information,  45 

radioactivity  of  environment,  67 
water  supply  systems,  see  Water  supply  system 
communication,  see  Communication 
condition  of,  1,  66,  67 
debris  removal,  76 
fire  control,  see  Fire 
operation,  109,  110,  116 
centers,  75,  76 
organisation,  74 
power,  sea  Power 

radiological  decontamination,  see  Decontamination 
radiological  monitoring,  see  Monitoring 
radiological  records,  personnel  dosage,  53,  68 
reconnaissance,  2,  67 
recovery,  l,  23A* 

assembly  areas,  for,  75 
control  canters,  for,  75 
liaison,  for,  74 
mutual  aid,  for,  75 
organisation,  for,  74 
personnel,  for,  75 
of  plant  operation,  74 
records,  for,  75 
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PoatutUek  (continued) 

repair,  l,  21,  71,  74,  81 
initiation,  of  81 
personnel,  HI 
water  aupply  systems 

man-hour  requirements  for  watar  main,  83 
oparational  guides,  reatoration,  83 
tlma  requirement,  82 
treatment  facilitlea,  84 
water  aupply,  aee  Water  aupply  ayatem 
Power,  37,  38,  39,  41,  42,  43,  66,  83 

Protective  maaauraa,  1,  2,  12,  18,  48,  113  aee  alao  Shelter 
from  blaat  and  ahock,  2,  12;  61 

waterworka  conaideratlon,  13,  63 
from  nuclear  radiation  (fallout),  17,  48 
barrier  material,  31 
by  clothing,  36 
by  distance,  31 

facilitation  of  fallout  removal,  37 
by  filter  building,  31,  32 
food  and  watar  contamination,  36 
from  gamma  ray,  31,  36 
monitoring,  aee  Monitoring 
for  new  building  construction,  38 
personnel,  48,  76 
protection  factors,  36,  31 

minimum  for  structures,  38 
for  survival,  36 
personnel,  48,  31 
purpose,  48 

reduction  of  deposition  and  retention,  37 
reduction  factor,  31 
shelter,  see  Shelter 
by  shielding,  24,  31,  23A* 
from  thermal  radiation,  2,  10,  62 
waterworks  conaideratlon,  62,  63 
Proton,  7A*,  11 A* 

Pumping  facilities,  damage,  38,  43,  44 


Radiation 

assessment  in  environment,  poatattack,  67 

background 

dose  intensity,  12 

guide  to  permissible  activities,  33 


*  See  Appendix  A,  (separate  volume)  Facts  on  Radiation  and  Fallout, 


Radinti  on  (continued) 

hrtjeard,  12,  17,  5  3 ,  f»7 ,  71  ,  1A* 
injuries,  7,  9,  10,  24,  42 
internal  ,  71 

Radioactive  cloud,  sue  Cloud 
Radioactive  half,  lifu 
Radioactive  material!,  4 

Radiological  decontamination,  aee  Dacontaminat ion 

Radiological  defense,  1,  2 

Radiological  evaluator,  67,  68 

Radiological  monitoring,  see  Monitoring 

Record,  maintenance,  102,  103 

Recovery,  see  Postattack 

Reduction  factor,  radiation,  31 

Repair,  postattack,  see  Postattnck 

Residual  radiation,  see  Nuclear  radiation,  residual 

Restoration,  1 

Roentgen,  22,  33,  34,  1 7A* 

Security,  101,  112 

Shelter,  also  see  Protective  measures 
blast  protection,  61,  62 
capacity  planning,  factors,  39 
contamination  control,  fallout 
inside,  34 
outside,  36 
water  and  food,  36 
design,  38 
human  needs  In,  38 
mechanical  ventilation,  60 
protection  factors,  34 

minimum  for  structures,  38 
for  survival ,  36 
sanitation  requlramant,  61 
apace  requirement,  38 

rolatlon  to  ventilation,  60 
stockpiles  In,  60 

thermal  radiation  protection,  2,  10,  62 
for  water  utilities,  38 
Shielding,  see  Protective  maasure 
Shock,  sea  Blast  and  Shock  front,  10 
Skin  burns,  see  Burn 
Steel,  shielding  materials,  33 
Stockpiles,  60,  102,  113 


*  See  Appendix  A,  (separata  volume)  Pacts  on  Radiation  and  Fallout, 


Stonge  tank,  damage,  11,  37,  38,  43 
Strontium  -  90  in  delayed  fallout 

dole 

radiation  hasard 

Structural,  blait  damage,  11,  38,  39,  41,  42,  43,  44 
Surface  burit,  6,  7,  8,  10,  13,  3 A* ,  5A* 
characteristic! ,  6 
chronological  development,  7,  8 
damage  criteria,  10,  11,  25 
affects,  24 
fallout,  13 
fireball,  7 

nuclear  radiation,  24,  alio  see  Nuclear  radiation 
radioactive  cloud,  6,  8 
thermal  radiation,  9,  23,  27 
Survey  mater,  33 

Thermal  radiation,  2,  4,  5,  7,  9,  10,  12,  21,  22,  23,  23,  51,  62 
absorption,  7 
air  burst,  5,  9,  27 

affected  area,  9,  27 
burns,  7,  9,  10,  24,  62,  also  sea  Burn 
considerations  to  waterworks  structures,  62 
affects,  el 

burns,  7,  9,  10,  24,  62 

first  degree,  flash,  9 
flame,  10 

flash  (direct)  ,  7,  62 
injuries,  7 

second  degree,  flash,  10 
skin,  10 

ultraviolet  flash 
computation  of  probable,  25 
damage,  range,  9,  27,  28 
personnel,  7 

energy-distance  relationship  of,  9,  28 
energy  fraction,  air  burst,  5 
fire  control,  water  utility,  76 
fire  spread,  probability  of,  27,  29 
fireball,  see  Fireball 
general  properties,  7 
materials,  ignition,  7 
protection,  10 

structural  construction,  62 


*  See  Appendix  A,  (separate  volume)  Facts  on  Radiation  and  Fallout, 
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Thermal  riuli.nti.on  (continued) 

radiant  exposure  mid  energy  yield,  28 
aurfuce  hurali  V,  23 
unit,  22 

visibility  on  transmittance,  effect  of,  27,  28 
vulnerability,  water  supply  system 
damage  effect ,  9 

example  of  uaaoaamunt,  41,  42,  43,  44 
guidea  to  assessment,  37,  38,  39 
TNT,  3,  1A*,  2A* 

Transmission  factors,  material  a,  33 
UF  wind  data ,  67 

Unit  time  reference  dose  rate,  30,  31 
Utility  damage,  aee  Damage 
Ultraviolet  flaah,  7 

Vulnerability 

assessment,  water  supply  ayatem,  see  Water  supply  ayatema 
blaat  and  shock,  of  water  supply  ayatem,  aee  Blast  and  Shock  and  Water 
supply  ays  tome 

nuclear  radiation,  of  water  supply  system,  see  Nuclear  radiation 
shelter,  see  Shelter 

thermal  radiation,  of  water  supply  system,  see  Thermal  radiation 

Water,  shielding  material ,  33,  11A* 

Water  Supply  ayatem 

nuclear  weapon  attack,  see  Nuclear  attack  and  Nuclear  explosion 
postattack  effects,  see  Postattack 
postattack  operations,  21 
debris  removal,  76 

decontamination,  radioactive,  see  Decontamination 
emergency  source,  87 
local,  88 
imported,  88 
household,  89 

emergency  water  supply  procedures,  90 
for  decontamination,  90 
minimum  requirement,  postattack,  91,  114 
notification  of  the  public,  97 
potable  water,  90 

delivery  of,  10,  92 

utility  distribution  system,  92 
hauled  wator,  94 
water  station,  95 
supply  and  distribution,  105,  114 

*  See  Appendix  A,  (soparato  volume)  Facta  on  Radiation  and  Fallout, 
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W/tt or  nupply  MyKli'm  (continued) 

Nanltnry,  40 
Neale  time  phono,  9) 
water  al  lowameN ,  40,  41,  42,  41 
agriculture,  41,  42 
decontaminul lun,  40 
Clro-f  IrIiI  Inn,  41 
Induatrlnl ,  91 
potable,  4() 

■unitary,  40 

emergency  water  treatment,  95,  9b,  97 
chlorination,  9b 

radioactive  decontamination  proceaaea,  9H,  105 
fire  control,  7ft 

protective  meaaurea,  aee  Protective  menaurea 
recovery,  aee  Recovery 

Htipply  and  diatrlhullon,  dlaaater  plan,  105,  106 
vulnerability  annenament,  21,  ft5,  10J,  104,  105,  111 
damage,  effect,  11 
example  of,  41,  42,  43,  44 
general  criteria,  22,  23 
gulden  to.  Si,  38,  39 
Item*  to  be  Included, 21 
porionno l ,  ft 5 
physical  damage,  71 
plant  operation,  1,  65 
rail  activity,  68,  21A* 

Inllroct  method,  69,  70,  71 
vat  *r  '.'•«)  !,  po mat  tack,  72,  114 
VI  lr.  l,  •>{{"'.  tiv«>  for  fallout,  13,  17,  4A* 

*.«ar  ground  zero,  10 
■.•■Iv.lty,  17,  24,  4A* 
f*  la r  n  ,  hi 
Woo  !,  ignition,  4 

Hhl«<  M 1  hr  materia  In,  34 
Wor  1  d-wl  do  f a  1  lout  ,  1  1 


*  See  Appendix  A,  (Nepurate  volume)  Pacta  on  Radiation  and  Fallout, 


